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NICKEL AIDS THE AERONAUTICAL INDUSTRY 


to KEEP Em Ftyine [/ 


The design engineers of the aeronau- 
tical industry have repeatedly met de- 
mands for improved aircraft to serve 
on world-wide fighting fronts. At the 
same time the industry has been able 
to turn out huge quantities of highly 
complex precision mechanisms on a 
mass-production basis. 


Since the pioneer days of the avia- 
tion industry, it has made extensive use 
of materials containing Nickel for en- 
gine and fuselage parts. In these appli- 
cations the industry’s engineers have 
developed to the fullest extent the use- 
ful and unique properties contributed 


Send for lists of available publications. Address your 


by Nickel to the materials commonly 
used in aircraft construction. 


The continued widespread use of 
Nickel reflects confidence based on 
innumerable satisfactory performance 
records. 


On all fronts, pilots and maintenance 
crews are learning what metallurgists 
long have known. Properly 
used, a little Nickel goes a 
long way toward assuring 
the dependable perform- 
ance of aircraft. From 
valves to drive gears, and 
from crankshafts to mani- 





folds, modern aircraft perform more de- 
pendably because of the added strength, 
toughness and resistance to corrosion 
Nickel imparts to other metals. 

The technical staff of International 
Nickel has been privileged to cooperate 
with the aeronautical engineers who 
have accomplished so much toward the 
improvement of aircraft. These engi- 
neers and metallurgists offer counsel 
and data to all who desire assistance in 
the selection, fabrication and heat treat- 
ment of ferrous and non-ferrous metals. 


* Nickel * 


inquiries to Technical Library Service 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 Wall St., New York, N.Y: 
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Nazi War Equipment 


Many engineers have been wonder- 
ng how closely the designs of Nazi 
ordnance materiel follows the tradi- 
tonal German design technique. When 
Propuct ENGINEERING editors _ in- 
‘pected the captured German equip- 
went and discussed the design fea- 
lures with ordnance officers, numerous 
Mleresting facts were revealed. Briefly, 
the Germans are making an all-out 
attempt to copy American design sim- 
flicity and mass production methods. 
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See pages 255 to 259 for the article 
which tells how well they are or are 
not succeeding. 


lively. Engineers of the Glenn L. Mar- 
tin Company have developed some 
highly efficient designs to accomplish 


these results, as described in the ar- 


Turret Inclosures and 
Windows 


One of the major problems in the 
design of airplane turrets and windows 
has been that of detailing effective 
mountings to hold the glazing against 
the terrific pressures created by the 
high wind velocities encountered in 
flight and to seal the glazing effec- 


ings and methods are illustrated. 


Today’s Title Blocks 


an engineering drawing is the 
block. The information that each 
group of companies requires in 


ticle beginning on page 260. Mount- 


One of the important elements in 


title 
of a 
title 


blocks on their drawings is shown, 








explained and analyzed in the article 
beginning on page 284. These title 
blocks are presented as examples of 
the present practices of these progres- 
sive companies. A few years hence 
the same companies may have entirely 
different standards. 


Die-Castings—Il 


In this second of a series of three 
articles, beginning on page 303, Her- 
bert Chase gives eleven rules for de- 
signing parts in order to simplify the 
design of the die and to facilitate final 
finishing of the casting. 


Designing With Magnesium—I 


Magnesium alloys, the lightest and 
youngest of structural metals, have 
until now been given relatively little 
attention in technical literature from 
the standpoint of how to design parts 
to be made of it. Their adaptability 
to fabrication by sand casting, die- 
casting, forging, extrusion, sheet metal 
stamping, and by welding are to be 
discussed fully in a series of four or 
five articles, digested from a forth- 
coming book by American Magnesium 
Corporation. The subject is ap- 
proached on the basis of physical 
properties, which are taken up one at 
a time. The first article starts on 
page 276 of this issue. 

Tables of typical properties of 
structural magnesium alloys and their 
specifications and compositions are 
presented on pages 325 and 326 as 
Reference Book Sheets. 


| WHAT'S COMING: — 


Designing Highly Stressed 
Studs 


Many of the weaknesses inherent in 
conventionally designed studs and 
stud-fastened joints have little or no 
effect under light loadings. But in 
aighly-stressed applications, particu- 
larly under conditions of cyclic stress, 
fatigue failures occur. The article be- 
ginning on page 288 analyzes the rea- 
sons for failure and shows how proper 
design of the stud and joint will dis- 
tribute loads, improve fatigue life. 


Magnetic Brakes 


Performance and design character- 
istics of magnetic brakes of the disk, 
band, and shoe types are compared in 
the article, pages 292 and 293, by A. 
C. Prescott of the Industrial Control 
Engineering Department, General 
Electric Company. The discussion em- 
phasizes important factors which 
should be considered when determin- 
ing the size of a brake to suit a spe- 
cific duty cycle. 


Black-Oxide Finishes 


Protection of metal surfaces with- 
out the use of metal plating has be- 
come more of a problem as the metals 
used for plating have become scarcer. 
Paralleling the intensity of this prob- 
lem has been the development of an 
economical method for blackening the 
surface of ferrous-metal parts by the 
use of oxide immersion baths. This 
method is described on pages 294 to 
297. The resulting finish forms an ex- 





To Help Calculate Hydraulic Circuits 





To determine the pressure drop in hydraulic lines, it is usually necessary to 
make long tedious calculations. An alignment chart prepared by engineers of 
the Glenn L. Martin Company eliminates all arithmetic in finding the pressure 
drop when the kind of fluid, its temperature, diameter of tube and volume of 
liquid per min. are known. Or any one of these factors can be obtained from the 
nomogram when the others are known. A comprehensive nomogram, it will 
appear in the June number as a special folded insert printed on one side only. 


Motorization of Machinery 


A summary setting forth the types of motors and drives that have been found 
successful in the meeting the requirements for various combinations of speed 
range, speed control and driving torques. 


Organizing for Graphic [lustration 


In March Propuct ENGINEERING a feature article from Fleetwings, Inc., told 
what can be accomplished through the use of three-dimensional drawn pictures. 
The June issue will include an article on the organization of a department to 
make “three-dimensional visuals.” The article includes everything from select- 
ing personnel to how the work ties in with the engineering department. 


cellent base for paints or lacquers, 
Data on corrosion resistance, adher- 
ence and dimensional stability are 
given. 


Measuring Impact Loads 


Stresses set up by impact loads, one 
of the hardest things to estimate in the 
design of machines, are being deter. 
mined for machines manufactured by 
the Goodman Manufacturing Com. 
pany by means of a small and simple 
instrument on which the principle and 
methods of the Brinell hardness test- 
ing are employed. An article by L. D. 
Hagenbook, assistant chief engineer, 
beginning on page 300, shows how the 
method may be applied wherever im- 
pact loading is involved. 


Conveyor Systems—I 


In response to a number of requests 
for illustrating various designs for 
cenveying mechanisms in high-speed 
production machinery, a series of this 
class of mechanisms starts in this is- 
sue on page 298. Others will follow 
in the June number. These mechan- 
isms are typical for different kinds of 
applications and materials or prod- 
ucts that are moved from one part of 
a machine to another. Both continu- 
ous and intermittent movements are 
illustrated. 


Self-Cooled Bearings—II 


In Part I of this article which was 
presented in Propuct ENGINEERING 
for April, factors such as viscosity- 
temperature relations, film pressure 
and friction were dealt with. Also 
there was included in Part I a short 
review of Newton’s law of viscosity 
and Petroff’s bearing equation. This 
section of the article, pages 307 to 312. 
begins with an explanation of a pro- 
cedure for calculating the rate at 
which heat is produced in a bearing, 
and the rate at which heat is removed 
from the housing by surrounding air. 


Zine Alloy Eliminated 
In Lead-Plating Process 


Iron and steel hardware used on 
communications pole lines for many 
years has had a galvanized surface. 
War activities, however, have so re 
stricted the use of zinc alloys that a 
substitute material or process had to 
be found. In studying the problem 
Western Electric Company developed 
a hot-dip process by which iron and 
steel parts can be coated with com- 
mercially pure lead, using the same 
equipment in which hot galvanizing 
was previously done. See page 282 
for a description of this process. 
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Wide World Photos 


Nazi surrender! Samples of German captured equipment were delivered to U. S. Army ordnance engineers for design analysis 


Design of Nazi Ordnance Materiel 


A critical analysis of the design of German war equipment, especially if 
detailed comparisons with our own equipment were included, would be 
of appreciable value to the enemy. For this reason, the descriptions of 
the designs of German guns, motorcycles, tanks and other items included 
in this article must be given without comment or comparison. 


NGINEERS of the Ordnance De- 

partment who have studied cap- 

tured enemy equipment are in 
general agreement that the designs of 
German war matériel are good, that 
the machining on it is above the aver- 
age and in some instances better than 
need be, that the fusion welding is rel- 
atively poor, and that in some details 
the German engineers have exhibited 
praiseworthy ingenuity. However, un- 
til now the Germans have not devel- 
oped a single item that can be classi- 
fied as basically new, nor are there 
indications that any so-called “secret 
weapon” will be developed by the 
Germans. Their accomplishments in 
the development of their war equip- 
ment were achieved solely by leav- 
iag no stone unturned in bringing to 
bear on their problems all the tech- 
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niques known to science, engineering 
and industry. 

Apparently, German engineers have 
not been hampered by any lack of 
material, with the exception of cop- 
per. They use aluminum and zinc 
plentifully and make what might be 
called a prolific use of rubber, both 
synthetic and mixtures of synthetic 
and natural grades. Apparently more 
synthetic rubber is used in the pro- 
duction of German war equipment 
than in the ordnance equipment of 
the United States, but it is signifi- 
cant that an exhaustive investigation 
of the designs of captured German 
vehicles and weapons has not revealed 
any type of synthetic rubber that is 
not available to the U.S. design en- 
gineer. 

Scarcity of copper in Germany is 


indicated by the obviously strenuous 
efforts that they have put forth in 
developing and applying substitutes. 
Their development of steel shell cases 
dates back to World War I. Now the 
German shell cases for almost all 
sizes from 20 mm. to 210 mm., inclu- 
sive, are of steel; the cases for shell 
of larger calibre are protected against 
corrosion by resin paints or brass 
plating. 

In World War I the Germans at- 
tempted to find a substitute for the 
“copper” band on shells. They were 
only partially successful. However, 
taking advantage of new developments 
since that time, the Germans have 
succeeded in the development of ro- 
tating bands that do not require cop- 
per. They make rotating bands for 
shell 37 mm. and larger out of pressed 
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and sintered steel powder. It is sig- 
nificant that the Germans use carbon 
steel scrap from which they make 
the powder. Presumably they have 
found that such bands serve the pur- 
pose in spite of the fact that the 
relatively hard steel) bands undoubt- 
edly decrease the life of the gun bore 
materially, such having been the ex- 
perience of our own ordnance engi- 
neers. One must conclude that the 
scarcity of copper in Germany is so 
critical that the Germans have been 
forced to use the pressed powdered 
steel bands regardless of the sacrifice 
in the life of the gun. 

The steels found in German equip- 
ment are of a fairly standard chem- 
ical analysis and there is practically 
no application of ultra-high special 
alloys containing large amounts of 
nickel, chromium, molybdenum or 
other precious alloying elements. 

A comparison of recent designs of 
German guns with the pre-war de- 
sign of the same models leads to in- 
teresting conclusions. Undoubtedly 
when in 1933, or earlier, Germany 
began preparations for war, much of 
her planning was predicated on the 
assumed length of that war. Appar- 
ently the German military leaders at 
that time saw no reason to simplify 
the designs of their matériel. The 
guns and other equipment that they 
developed during the years of prep- 
aration followed along the pattern 
of their previoug-equipment which, de- 





signs disregarded completely the man- 
hours and machine-hours required for 
production. Thus, the Schmeisser 
MP38, the standard “tommy gun” 
of the German army, has a trigger 
guard machined out of a solid block 
of steel, has fancy longitudinal shal- 
low flutes along the barrel, has a 
trigger machined out of solid steel 
and also has a hardwood stock. Its 
model number indicates that it was 
designed and first manufactured in 
1938. Similarly, the MG34, the stand- 
ard German machine gun of 7.9-mm. 
calibre, first produced in 1934, is a 
further example of a gun designed 
along the old pattern that required 
many hours of skilled craftsmanship. 
Had the Germans foreseen a long 
tough war they would have simplified 
the designs of these guns of 1934 and 
1939. The fact that they have since 
redesigned them to make them more 
suitable for mass production bespeaks 
the error in their judgment. What 
they thought would be a European 
“blitz” developed into a world-wide 
war of indefinite duration. They were 
thereby compelled to change their 
conception of a good design. 

It was not until 1940 that the sim- 
plified designs of German weapons 
began to appear. Among the first was 
the MP40, a redesign of the MP38 
gun. The MG42, the redesign of the 
MG34, appeared only last year. Both 
of these redesigns are a complete de- 
parture from the previous designs in 


that many of the formerly machined 
parts were changed to stampings or 
die castings, and parts that required 
many machine hours were simplified 
to conform to mass production re- 
quirements. Wooden gun stocks were 
replaced by molded plastics. Both 
these new models, as is true for many 
other German models redesigned since 
the war began, were actually brand 
new designs with respect to all de- 
tails. The complex bolt assembly in 
these guns, although functionally the 
same, was greatly simplified. Some 
parts of the breach assembly are spot 
welded; decorative machining has 
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Trigger and trigger guard of many Ger- 
man small arms have been redesigned 
to be made of stampings, using the type 
of construction shown here 
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Design of one of-the German detachable gun stock’ made of 
plastic. Apparently the steel socket is a press fit and anchored 
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Schematic sketch of brazed stamped assembly which replaced 
a machined. magazine holder in the German MP40 machine 
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been eliminated. One must assume 
that all of these changes would have 
been made during original design of 
these guns in 1934 and 1938 had a 
long tough struggle been anticipated. 

Perhaps the pressing need to sim- 
plify designs to make them suitable 
for quick production explains why 
German gun parts are not completely 
interchangeable. At this time we do 
not know with certainty to what ex- 
tent their gun parts are not inter- 
changeable, but it has been estab- 
lished definitely that a number of the 
parts are not made to go and no-go 
gages. Either these parts are pur- 
posely hand fitted or the German pro- 
duction machine is not yet fully 
geared to the manufacture of stand- 
ardized parts made to go and no-go 
gages. The latter is more likely to be 
the situation for one can readily im- 
agine that the need for haste probably 
did not allow enough time for com- 
plete tooling and the building of the 
necessary gages. 

However, there are also indications 
that the Germans find it impossible 
to tear themselves away from their 
traditional adherence to the idea that 
skilled handiwork is superior to mass 
production methods. This is revealed 
by a study of many of the smaller 


U. 8. Army Ordnance Dept. 
First German weapon to be redesigned 
was the Schmeisser sub-machine gun. 
This is Model MP40 which, as in the 
case of the machine gun, has been re- 
designed to make the parts suitable for 
mass production 
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Above, German machine gun, Model MG42, is a redesign of an earlier model. Many 
of the machine parts have been redesigned to stampings or die-castings. Parts that 
formerly required much machining were simplified to conform to mass production 
requirements. Below, opposing cylinders for the engine of this motorcycle extend 
outward, interferring with the driver’s comfort. Note streamlined frame 





parts, especially stamped assemblies. 
A close inspection of many of these 
parts clearly shows that the final fin- 
ishing operations were made by hand. 
File marks are in evidence on quite 
a number of the pieces and some of 
the parts were evidently dressed by 
hand on grinding wheels. 

It is not surprising that German 
engineers make extensive use of spot 
welding, molded plastics and fusion 
welding. A number of the parts in 
the breach mechanisms of several of 
their guns are assembled by spot weld- 
ing, the spot-welded stamped assem- 
blies replacing parts formerly ma- 
chined out of bar stock. Similarly, 
with reference to the use of plastics, 
most of the recent designs of guns 
have switched to plastic stocks. 

Fusion welding was not used exten- 
sively in German war equipment until 
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the "41 and ’42 designs were produced. 
In those later models fusion welding 
is used extensively, indicating a hasty 
conversion from other types of con- 
struction to welded structural assem- 
blies. Presumably when much of the 
German equipment was hastily rede- 
signed for welded construction there 
developed a great dearth of experi- 
enced welders and this at a time when 
the German production machinery was 
already in high gear. Not only did 
there develop a great dearth of experi- 
enced welders but there was no time 
to train new ones. This perhaps ex- 
plains the relatively poor quality of 
the fusion welding. 

In general, the design of German 
automotive equipment is good. A 
captured German motorcycle made by 
the Bayerische Motor Works in 1941, 
although of a type model unacceptable 
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by our standards, was rated to per- 
form and ride about the same as an 
American motorcycle and to run with 
remarkably little noise. This motor- 
cycle has a two-cylinder 180 deg. op- 
posed engine, the axes of the cylinders 
being horizontal and cross-wise to the 
motorcycle. Thus the cylinders extend 
cutwardly appreciably, interfering 
with the comfort of the driver. The left 
cylinder is about one inch ahead of 
the right one in order to allow the 
connecting rods to run side by side on 
the crankshaft. Cylinders are cast 
steel; the motor block, cylinder heads, 
transmission case, flywheel housing 
and final drive housing are aluminum 
castings, finned for cooling. Lubricat- 
ing oil tank is housed in the crank- 
case and no oil cooler is provided. A 
stepped gear transmission gives four 
speeds, controlled by an H-shift con- 
venient to the driver’s right hand. 
Final drive ratio is 11 to 57. Depress- 
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Tread of this half-track is made up of steel links with separable rubber shoes. Shoes 
have female threaded inserts for fastening to the track 
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Sealed needle-bearing joint used on one type of tank 


ing a pedal on the left side above the 
footboard throws out.the clutch. 

The frame of the German motor- 
cycle is made up of two main channel 
sections welded together, the channel 
sections being formed out of %%-in. 
sheet. A crosspiece just ahead of the 
rear fender consists of two pieces 
welded together to form an H-section. 
The rear fender comes apart to per- 
mit removal of the wheel. 

Each prong of the front fork is 
telescoping to accommodate airplane- 
type shock absorbers. Steering link- 
age is of king-pin type with pintle 
mounted 2 in. behind the center line 
of the fork and sloping 20 deg. to 
the rear. The left grip on the handle 
bar controls magneto cutout, front- 
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wheel brake and throttle. Right-hand 
grip controls the spark. Headlight is 
tiltable and has a _ speedometer 
mounted in the top of its case. 

The gas tank holds 4 gal. and is 
made of sz-in. sheet, welded. Carbur- 
etor has an air cleaner. Magneto and 
distributor are mounted directly over 
the engine. Rear-wheel brake is ap- 
plied through a pedal on the right 
running board. Total weight of this 
German motorcycle is about 413 lb. 
and its maximum speed is 75 m.p.h. 
or more. 

The typical German tendency to 
standardize equipment units is re- 
flected in their automotive designs, 
especially engines. Most of the Ger- 
man vehicle engines are of the same 


basic design. They are all 6 or 12 
cylinders, in-line or V-type, with horse- 
power capacities ranging from 100 to 
several hundred. Nothing unusual is 
discernible in the designs of these 
engines and they can be classed as 
good. 

Because of the restrictions imposed 
by military secrecy, it is not permis- 
sible at this time to reveal many of 
the details of the designs of German 
tanks. Considering only the basic engi- 
neering design features of these tanks 
and without reference to their man- 
euverability, fire power, protective 
armor and other military characteris- 
tics, the general opinion of our ord- 
nance engineers is that the German 
tanks are of good design. As must be 
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Cast-steel links are used for tread of this German light tank. U.S. Army ordnance 
engineers believe that the basic design of German tanks is good 


expected, there are a few noteworthy 
features regarding the design of some 
of their parts. Thus, the Germans 
have developed an unusual design of 
sealed joint that has needle bearings 
running on a hollow steel journal. The 
seal against the entrance of dirt or 
loss of grease is effected by means of 
a synthetic rubber seal which has a 
garter spring to hold it snugly against 


the journal. The bearing is grease 
packed upon assembly and apparently 
grease cannot be added until the unit 
is completely overhauled and the joint 
taken apart. 

Some of the German vehicles use 
torsion bar springs for suspension. 
This general type of spring was fully 
described and analyzed in Propuct 
ENGINEERING in the December, 1942, 


U. 8. Army Ordnance Dept. 


number. Its advantages are simplicity 
of manufacture and compactness; it 
is a design that is entirely familiar to 
United States automotive engineers. 

Although a detailed comparison of 
the German and American war equip- 
ment is not permissible for obvious 
reasons, the comparative merit of the 
two lines of equipment is indicated by 
the fact that our ordnance engineers 
have found little in the design of Ger- 
man war matériel that is markedly 
superior to the American designs. The 
few details of significant design merit 
found in German war equipment are 
of course being adopted in the basic 
designs of American equipment. 

In the final analysis the military 
value of a piece of ordnance equip- 
ment lies not entirely in its mechanical 
design features, but rather in military 
values such as fire power, protection, 
maneuverability, mobility, ease of 
servicing, efficiency, and accuracy of 
operation. In all of these respects our 
ordnance engineers have developed 
weapons for all types of combat serv- 
ice that equal or excel those of our 
enemies. In addition, ordnance items 
for the United States Army are de- 
signed for greatest suitability to mass 
production, a field in which the United 
States industry stands supreme in 
plant capacity, equipment, experience, 
and the specialized engineering talent 
required. 
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This gun, about 210-mm. calibre, was captured at the El Alamein line. The trails are made of structural members with riveted 


assembly throughout 
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Figs. 1, 2, 3, 4—Edge construc- 
tions for laminated glass 
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FIG. 1— Plain Edge 
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Design Methods and 


Aircraft 


First of a series of articles reviewing current practice in design of 
turret, windshield, nose assembly and similar aircraft inclosures. 
This article covers general engineering considerations, tolerances, 
edge construction, and also includes computation procedures for 
determining required panel thicknesses. Succeeding articles will 


present typical designs for turrets and blisters and sealing details. 


ISIBILITY, water tightness, 
strength-weight considerations 
and cost are important factors 
affecting the selection of aircraft glaz- 
ing materials. To meet these design 
requirements, laminated glass, cast 
acrylic sheets and acetate sheets are 
available for transparent inclosures. 
The procedures and details covered in 


this series are based upon design 
methods which conform to standar 
aircraft practices, Army-Navy specif- 
cations and manufacturer’s recom- 
mendations. 

Glazed constructions in aircraft are 
generally grouped into three mam 
classifications: (1) windshields, side 
panels. sighting, bombardier and pho- 
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tographic windows; (2) inclosures, 
turrets, blisters, nose assemblies, side 
windows; (3) wind camera windows 
and landing lights. 

The selection of the pilot’s wind- 
shield is governed by the need for 
high surface quality and optical prop- 
erties, particularly in regard to image 
displacement and double vision. 
Where it is impractical to use flat 
glass, as in high-speed aircraft (350 
mi. per hr. or above), windshield units 
should be made from sections of cylin- 
ders, cones or any curve bent about 
one axis. Bends should be kept as 
flat as possible. As a cylindrical or 
conical type bend approaches a half 
circle, bending and laminary prob- 
lems increase with consequent sacri- 
fice of optical properties. 

Water tightness, although not first 
on the list of design considerations. 
must be obtained. Here again the use 
of flat glass will greatly facilitate 
sealing, as flat glass can be manufac- 
tured to closer tolerances than curved 
glass. Tolerances are important since 
high scrap loss and costly delays will 
result if tolerances are not given seri- 
ous consideration. 


Edge Construction 


Edge conditions for laminated glass 
are indicated in Figs. 1 to 4. Each 
type meets one or more of the follow- 
ing requirements: flush mounting. 


weather tight installation, flexible 
mounting, tension mounting and sim- 
plicity of construction. The plain edge, 
Fig. 1, should be used when flush 
mounting is not required, since it is 
by far the least expensive. Offset 
edges, Fig. 2, are used when flush in- 
stallations are required. Offsetting re- 
duces air resistance, permits more 
perfect streamlining, and keeps edge 
deflections to a minimum in pressur- 
ized cabins. The flexible vinyl edge. 
Fig. 3, should be used where curved 
panels are required in the design. 
This construction permits structural 
variations without strain on the glass. 
The flexible metal edge, Fig. 4, is 
required when edge flexibility is neces- 
sary and when pressure loads must be 
taken at elevated temperatures. This 
type of edge is suitable for tension 
loads and for pressurized cabins or 
turrets. 

Typical edge construction for plas- 
tics is shown in Figs. 5 to 8. The 
plain edge, Fig. 5, should be used 
wherever possible because it is in- 
expensive. Rabbeted or routed edges, 
Fig. 6, should be specified when flush 
mounting is required, but in no case 
should the depth of rout be greater 
than 1% the thickness of the panel. 
The reinforced routed edge shown in 
Fig. 7 is used when the depth of rout 
must be greater than one-half the 
thickness of the sheet, or when the 
design calls for use of an existing 


Details for Transparent 
Inclosures —I 
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Design Engineer 
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FIG.5— Plain Edge 
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FIG. 7 —Reinforced Routed Edge 
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Mounting Rim (Domes Etc.) 








Figs. 5, 6, 7, 8—Edge construc- 
tions for transparent plastics 


extruded frame. The type of flange as 
shown in Fig. 8 is specified for mount- 
ing rims for domes. By machining the 
base it is possible to work to closer 
tolerances for bolt holes and base 
diameters. 

The most commonly employed 
method for installing glass or plastics 
is with retaining strips and screws, 
see Fig. 9. Another method utilizes 
the patented Hunter Sash shown in 
Fig. 10. Still another method which 
gives good results is the Adams West- 
lake mounting shown in Fig. 11. All 
of these are applicable to either plas- 
tics or laminated glass. Note that 
glazing methods such as Hunter-Sash 
and Adams-Westlake are not suitable 
for curved glass surfaces since such 


Figs. 9, 10, 11—Three common 
methods of mounting and seal 
ing transparent inclosures 
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Fig. 13—Typical window detail. See text for manufacturing tolerances 


methods require accurate matching of 
parts. However, these methods have 
advantages in low installation cost, 
low weight, and neat appearance. On 
large partels;’the difference in instal- 
lation time between Hunter Sash and 
the screw-retaining strip method may 
be as much as three hours. 

In mounting transparent noses, 
shown in Fig. 12, care must be taken 
in the design so that stress concen- 
trations are avoided during installa- 
tion. Otherwise crazing, caused by 
stress differential between the outside 
fibers and the center fibers, will re- 
sult. Crazing will also occur if curved 
panels are treated with solvents. 


Expansion, Contraction, 
Tolerances 


The coefficient of linear expansion 


of Lucite and Plexiglas is 5x10* per 
deg. F. This coefficient is appreciably 


262 


higher than the materials in which 
the plastics will be mounted. A high- 
altitude airplane may encounter tem- 
peratures as low as —70 deg. F. and 
as high as +160 deg. F. If the panel 
shown in Fig. 13 is installed at +70 
deg. F. then the expansion and con- 
traction clearances would be com- 
puted as follows: 

Max. Temp. Increase (160 deg. — 
70 deg.) = 90 deg. F. 

C. for plastic = 0.00005 

C. for al. alloy = 0.0000132 

Differential C, = 0.0000368 

Expansion Per End = 
0.0000368 <x 90 X 11.5 

2 

Manufacturing trim telerances for 
this panel are ys. Other tolerances 
are: 


Expansion 0.019 
Glass cutting tolerance 0.031 


= 0.0192 





Extrusior tolerance 0.015 
Post location tolerance 0.015 
Total each side = 0.080 





Procedure for Determining 
Thickness of Plastic Panels 


Let A = area of panel sq. in. 
P = unit ultimate load Ib. per sq. in.’ 
E= — of elasticity (see curve 


M = modulus of rupture (see curve I) 
R = aspect ratio correction factor 
(see curve I) 
5 = deflection in inches at center of 
panel 
a = panel shape factor (see curve IV) 
t = thickness of panel 
1. Determine average temperature 
of panel. 
2. Determine area of panel 
3. Determine P from tunnel tests or 
differential pressure considerations 
4. Determine E and M values for 
panel at specified temperature 
5. Assume simply supported edges 
6. Determine aspect ratio 
7. Assume max. allowable deflec. 
tion of one-quarter in. at center of 
panel under ultimate load (generally 
deflection will determine the size of 
panel in pressurized cabins) 
8. Allow for thickness tolerance 


Thickness Tolerance Thickness Tolerance 

















0.060 +0.010 0.250 +0.025 
0.125 +0.015 0.375 +0.056 
0.187 +0.019 0.500 +0.075 
3.48 MR? 
silliness 
3 
5 = xPat in a Pa‘ 
Eé Eé 
EXAMPLE 


Size of panel = 8.5 X 11.5 
Temperature = 40 deg. F. 


Area “A” = 97.8 sq. in. 
: 8.5 
Aspect Ratio = Tre 0.74 


Assuming, 
applied pressure = 6.55 Ib. per sq. in. 
design pressure = 13.1 lb. per sq. in. 
ultimate 


Aspect ratio correction factor = 1.04 
(see curve I) 

Modulus of rupture = 10,500 lb. per 
sq. in. = M (see curve IT) 

Modulus of elasticity = 4 X 10 = F 
(see curve III) 





sa 13.1 X 97.8 - 
3.48 X 10,500 1.04 
0.183 (thickness required for strength) 
t (for maximum deflection) = 
* {0.0736 X 13.1 X (8.5) _ 997 
4X 10 X 0.25 
Use panel 3 thick. 
Check for crazing. 
Stress at applied pressure = 


655X978 - 
54S X 1.04 X 0.376% ~ 11260 Ib. per 2a. 














Note: For optimum service life this 
value should not exceed 1,000 |b. per 
sq. in. 
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Design of Windshield Panel 
REFERENCES 
To design a windshield panel of semi-tempered, laminated plate glass for a Tadiatedd Date. Bites & Me Com 
pressurized airplane: pany. : 


Design ultimate pressure............ 
N02) a.c16 nerd occ ox as deletes 
Poh sea Sic eBiwisint Uae sa,a ace ae 


Modulus of elasticity................ 
Bending modulus of rupture......... 


.1 Ib. per sq. in. 
deg. F. 
sq. in. 


OF 


from curve I 

18 from curve IV 

X 10® lb. per sq. in. at 40 deg. F. 
60 lb. per sq. in. at 40 deg. F. 


Sor 
Gmo 
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Hi ydudg 
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(a) Required Panel Thickness for 
Strength: 


a MER 
p = 3.48 (“4) 
t=e/_PA __ 

3.48 MR 


7 13.1 X 588 
3.48 X 9,660 X 1.04 


Since commercial glass is manufac- 
tured to a thickness tolerance of +22 
in., use two-ply $2 + 0.120 vinyl. This 
panel would have a minimum thickness 








= 0.469 in. 
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of 0.203 + 0.120 + 0.203 — 0.031 = 
0.495 inches. 
(b) Required Panel Thickness for De- 
flection: 
Assuming an allowable deflection of 
14 in. at the center of the panel under 
ultimate pressure, 


3 
t= ¢/2Pe 
E6 


b= q| 0.0718 Xx 13.1 x 214 
10 x 10° X 0.25 
t = 0.418 in. 


Heft¢e, the above panel is satisfactory. 











Glass Construction and Installation, 
Libbey Owens Ford Glass Company. 

Plate Glass Data, Pittsburgh Plate 
Glass Company. 

Modern Plastics, March 1940. 

Timoshenko, “Theory of Plates and 
Shells.” 

Adams Westlake Rubber Retainer. 

Hunter Sash Rubber Retainer (Pa- 


tented). 
Handbook of Instructions for Air- 
plane Designers, U. S. Army Air 
Corps. 


Spec.—An.—DD-G-451. 
Navy Spec. PI-4 on Installation of 
Plastic Sheet. 





The concluding parts of this article, 
to appear in Propuct ENGINEERING 
within the next two months, will in- 
clude complete information on seal- 
ing and mounting of transparent 
structures, All of the designs are 
based on approved aircraft practices 
as exemplified on outstanding Amer- 
ican fighter and bomber planes. 
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REDESIGNED CABLE COUPLERS 
REDUCE MACHINING AND SAVE SCARCE MATERIALS 


Citation of Individual Production Merit, highest 
honor that the nation bestows on civilian war 
workers, has been given to Walter W. Brown, 
engineer of General Electric’s Transportation 
Department, by the War Production Board for 
his accomplishment in redesigning Army search- 
light cable couplers to simplify their manufac- 
ture and save brass, bronze, and aluminum. Mr. 
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Brown is standing by the panel board contain- 
ing the new and old parts for the searchlight 
cable couplers. On the basis of current orders, 
savings amount to 8,900 lb. of brass rod, 21,500 
lb. of phosphor bronze (18 to 20 percent tin), 
and 120,000 lb. of aluminum. In redesigning 
the couplers, strict interchangeability of com- 
ponent parts was maintained. 


Wg MATERIALS SAVED § 


1550 Bk BRONZE 0970 LBS BRASS 
190 8 LBS. ALUMINUM 


NEW OLD 
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Original coupler bodies were alu- 
minum alloy die-castings. To save 
strategic aluminum the coupler bodies 
were redesigned to be made from 
formed steel tubing, punchings, and 
formed stampings assembled by pro- 
jection and fillet welding. Need for 
machining was eliminated. Transfer- 


ring the job to a punch press speeded 
production 50 percent. Drawing and 
forming the tubing to the required 
shapes was the most difficult problem 
in the design change. Also consider- 
able tooling and experimental work 
were required to develop the neces- 
sary dies. In the line drawings above, 





























Enlarged Section At A-A & B-B 
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the die-cast aluminum parts are 
shown at the left of center lines, rede- 
signed steel parts are shown at right 
of center lines. 

Each circular fillet requires 40 sec. 
welding time. Complete cycle of load- 
ing, welding and unloading is 55 to 
60 seconds. 


Socket, plug and pin parts 
formerly machined in one piece from 
hard brass and phosphor bronze bar 
stock were redesigned to save mate- 
rial and machining. Through the use 
of swaging operations it was possible 
to make the parts from stock smaller 
than that formerly used. Parts shown 
here are the redesigns. 

Socket A formerly made from 1 in. 
dia. hard brass stock most of which 
was turned down to #¢# in. dia. is now 
made from #8 in. dia. stock with a 
ring swaged on the sleeve, resulting 
in material savings of 35 percent. 

Plug B formerly made from 1 in. 
dia. bronze bar stock, is now made 
from % in. dia. bar with the sleeve 
swaged on, resulting in a 61 percent 
saving in bronze. Plug C formerly 
made from 1 in. dia. bronze is now 
made from two swaged parts with a 
saving of 32 percent in material. By 
the same method, socket D previously 
made from 1 in. dia. hard brass cut 
the brass required 25 percent. 

Plug E formerly was turned from 
Ys in. sq. bronze is now made from 
1% in. bar with a %s in. square collar 
swaged into place, thus obtaining a 
50 percent saving in material. 
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REDESIGNS SAVE MAN HOURS AND MATERIALS 
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Gun flash-hider was originally ma- 
chined from a solid steel forging which 
weighed 40 lb. By changing the de- 
sign to be made from a seamless 
steel tube, flared at the end, and 
welded to a pierced forging, 945,600 
lb. of steel will be saved in a year’s 
production, as well as 58,716 machine 
hours. 


Gun casing fore part was orig- 
inally a casting. New design called 
for casing to be made by arc welding 
a steel tube to a plate. New part re- 
leased 6 critical machines, and in a 
year’s time effected a saving of 119,- 
808 machine hours and 1,722,000 lb. 
of steel. 


By changing gun pawls from 
forgings to welded or brazed assem- 
blies of strip-steel stampings, em- 
bossed and line reamed, 13 much 
needed machines were freed for other 
uses. Also 91,200 machine hours and 
120,240 lb. of steel were saved by 
re-engineering these small parts. 
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Engineering talent, ingenuity and 
energy in recent months have amply 
demonstrated that design is not static, 
that there is no one unalterable way 
of designing any part. No one formula 
will dictate how to select alternate 
materials, nor how to redesign to 
take advantage of manufacturing 
short cuts, for the factors that govern 
redesign are peculiar to the part it- 
self. As the margin decreases between 
the supply and demand for materials, 
and with industry compelled to use 
less material and to produce more 
equipment at a faster rate, the con- 
version problem becomes more and 
more one of engineering. On these 
pages are shown some examples illus- 
trating how engineers of Chrysler 
Corporation in cooperation with 
Army engineers redesigned parts of 
Bofors guns. Redesign of ten items 
saved 7,500,000 Ib. of material and 
1,896,750 man hours in a year’s pro- 
duction, and also released more than 
34 machines for the production of 
other parts. 
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Gun Part 











Gun-Sight Part 











Gun part, three required per gun, was originally designed 
to be machined from a solid brass forging. Design was 
changed so that extruded stock could be used to make the 
part thus considerably reducing the amount of machine 
work required. Savings in one year amounted to 56,000 lb. 
of critical brass and 26,160 machine hours. 


Gun-sight plate was originally made from bar stock, 
the use of which required numerous machining operations. 
Plate was redesigned to be made as a one-piece powdered 
metal pressing which required no machine work other than 
finishing holes. Change to powdered metal released 9 ma- 
chines and saved 58,440 machine hours in a year. 





Gan recoil cylinder originally 
was machined from steel bar stock. 
When made from a forging, 14 oper- 





he Ww 





ations were eliminated, 6 machines 
were released to produce other parts, 
and in a year 528,000 lb. of steel 
and 36,000 machine hours were saved. 





4 










ry 
i} TAD 
TL 
MN yaaa 
\Wutl 





WY 


\s 


Gun Recoil Cylinder 

















eee a 


Gun Recoil Piston 











Gun Spindle 








/] Inner piston rod for gum was 
= originally machined from bar stock. 
Because no runout was permissible 
and limits were close, special tools 
and gages were needed to make the 
part. Scrap losses were high. New 
design called for a forging, with 
which greater tolerances could be per- 
mitted, and which also eliminated 
zero runout. Only standard tools were 
necessary to produce the part and 
production was faster. Also fewer 
gages were needed. In a year the re- 
design saved 456,000 lb. of steel and 
5,796 machine hours. 


Gun recoil piston was originally 
machined from a block of steel. Part 
is now made from a simple forging. 
By this change 14 operations are 
eliminated and 408,000 lb. of steel and 
5,196 machine hr. will be saved in a 
year. 


Gun spindle originally made from 
5-in. dia. bar stock. Design called for 
3 ground diameters requiring 5 cri- 
tical machines. Part was redesigned 
to be made from ‘Ye-in. dia. bar stock. 
Also one ground diameter was elimin- 
ated. These changes cut machining 
time 33 percent and weight of bar 
stock needed 19 percent. 
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Runway selector switch and a brightness selector 
switch to control contact and flood lighting for 
airport runways, developed by Westinghouse 
Electric & Manufacturing Company, incorpo- 
rate mechanically interlocked preset switches. 
The two switches are designed to be a component 
part of the control desk or panel located in 
airport control rooms and towers. Mechanical 
interlocking device locks the selector switch in 
the position last selected, so that runway selec- 
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AIRPORT RUNWAY LIGHTING CONTROL SWITCH 


tion of flood and contact lights cannot be 
changed until the selector is de-energized by 
turning the preset switches to the “off” position, 
thereby extinguishing contact and flood lights, 
Where switches are mounted on facsimile maps 
showing the runway layout, the switch handle 
can be oriented with the map so as to point to 
the direction of plane landing or take-off. De- 
scription of the construction and operation of the 
switches is contributed by J. P. Houck. 


Complete runway selector switch 
assembly for control of contact lights and flood- 
light banks consists of three mechanically inter- 
locked switch assemblies; main selector assembly 
M, contact light preset switch assembly O, and 
floodlight preset switch assembly P, all mounted 
on a single molded base. The complete assembly 
is wired with other controls to permit the operation 
of the contact lights along any runway, any group 
of floodlights and the corresponding runway con- 
tacts, as may be desired. 

Mechanical interlocking, shown in section AA, 
fixes the main selector assembly in a definite posi- 
tion and locks it in the position last selected. 
Thus the runway selection of flood and con- 
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tact lights cannot be changed until the 
main selector assembly is de-energized 
by turning the preset switches to the 
“off” position, thereby extinguishing 
contact and floodlights. 

Main selector assembly is for selec- 
tion of runway lights to be used during 
the plane landing or take-off. Main 
selector switch handle controls the 
movement of interlock hub disk and 
contact arms by means of the main 
shaft. When the complete switch as- 
sembly is used with a facsimile map 
showing the field layout, the interlock 
hub disk is slotted to agree with the 
field layout to permit orientation of 
main selector switch handle with the 
direction of the plane when landing or 
taking off. The slots in the disk serve 
as a seat for a positioning ball that 
holds the disk in position to receive 
interlock bars for the contact and 
flood lights. 

Contact light and flood light preset 
switch assemblies are for control of 
oil-or air switches in the main supply 
lines to these lighting circuits. Switch 
handles for the contact lights and 
flood lights control the movement of 
shafts in which keys are inserted for 
sliding the interlock bars, and making 
or breaking the preset switch contacts. 
When switch handles are in the “off” 


position the interlock bars are disen- 
gaged from the slotted interlock hub 
and preset switch contacts are open so 
that the control circuits to the break- 
ers feeding the lighting circuits are 
de-energized. Main selector switch 
handle can then be rotated to position 
desired for selection of lights on the 
preferred runway. 

Switch plates, Fig. B, for contact 
lights and floodlights, each have 24 
contact buttons for the control of the 
respective circuits. These buttons are 
connected to the individual control 
circuits as determined by orientation 
of main selector switch handle with 
the facsimile map. For example, con- 
sider an airport with four runways 
with ends at the four cardinal points 
of the compass, spaced 45 deg. apart, 
with the control tower facing directly 
north. Contact buttons 1 and 13 on the 
contact lights switch plate would be 
connected in parallel to the control cir- 
cuits for the contact lights along the 
North-South runways. Similarly, 
points 4 and 16, 7 and 19, 10 and 22 
would be connected to control circuits 
for contact lights along the Northeast- 
Southwest, East-West, and Southeast- 
Northwest runways, respectively. Con- 
tact buttons on floodlights switch plate 
would be connected individually to 


the eight control circuits for flood- 
light banks at each runway end. Con- 
tact buttons 1, 4, 7, 10, 13, 16, 19 and 
22 would be connected to the North, 
Northeast, East, Southeast, South, 
Southwest, West, and Northwest flood- 
light banks, respectively. 

When the runway lighting consists 
of contact lights, or floodlights only, 
one switchplate and one preset switch 
assembly can be omitted without alter- 
ing the general design of the selector 
switch. 

A switch, Fig. D, with single switch- 
plate, having a five position interlock 
hub disk, 180 deg. contact arm travel, 
is used for five points of contact light 
brightness selection indicated on right 
hand side of wiring diagram Fig. E. 
Contact buttons, 1, 4, 7, 10 and 13, 
Fig. D are connected to the five bright- 
ness control circuits by which one hun- 
dred, thirty, ten, three, or one percent 
of the brightness can be obtained. 

By gearing together two complete 
runway selector switch assemblies with 
a common main selector assembly op- 
erating shaft, control can be provided 
for airports having dual (left and 
right) parallel runways. Operation of 
any one of the four preset switches 
would fix the main selector assembly 
in position. 
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Ci-C2-C3-C4 =Runway contact light relays 
Fl to F8 = Floodlight relays 


CC =Closing coil for contact light breaker 
I%e-3%o10%o30%100%= Brightness contro/ relays 
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FLUSH VALVE MADE OF PLASTICS TO SAVE COPPER 
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Im cooperation with the War Pro- 
duction Board’s efforts to conserve 
critical copper, the Sloan Valve Com- 
pany has, through redesign of a flush 
valve, reduced the net copper content 
required from 6 lb. to less than 4 oz. 
per valve. In the new design, plastics 
and malleable iron replace the more 
critical brass used in the peacetime 
product. Based on the company’s 1942 
production, the saving will amount to 
approximately four and one-half mil- 
lion pounds of copper, enough to make 


Vacuum breaker, formerly a brass 
casting, was also redesigned to be 
made of plastic materials. The new 
design involved limits obtainable with 
plastic injection molding. Vacuum 
breaker outlet coupling body molded 
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seventy and one-half million .30 
caliber cartridge cases, or more than 
25,000 miles of No. 12 copper wire for 
telephone communication systems. 
Equally important is the saving of 
thousands of man and machine hours, 
through the elimination of dozens of 
machining and assembling operations. 

Body of the flush valve was formerly 
a brass casting, heavy enough to with- 
stand a hydraulic pressure of 150 lb. 
per sq.in. Because of the high internal 
pressure, especially when water ham- 


of transparent cellulose acetate buty- 
rate permits visual inspection of the 
fiapper in seating to prevent back- 
syphonage. Function of the flapper, 
molded of polystyrene, is to open and 
close the air port during the cycle of 


mer occurs, it was thought not prac- 
ticable to design the valve body en- 
tirely of plastic material. To overcome 
this difficulty the body is made of mal- 
leable iron and lined with a plastic 
cylinder made of cellulose acetate 
butyrate. In this combination the mal- 
leable iron provides strength and the 
plastic lining provides a smooth, cor- 
rosion-resistant surface for the piston 
packing to slide on. Engineers of the 
Chicago Molded Products Corpora- 
tion designed the new plastic parts. 





cperation of flush valve. Redesign of 
vacuum breaker eliminated 10.2 oz 
of critical copper. 

Bonnet and vacuum breaker body 
are molded of cellulose acetate buty- 
rate. Flapper is molded polystyrene. 
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Piston as redesigned to be made 
of plastics consists of less than half as 
many parts as its metal predecessor. 
New piston has three major parts— 
piston body and piston cover, each 
molded of polystyrene, and a plunger 
relief valve molded of a water resistant 
phenolic material. Plunger relief valve 
was formerly made by combining rod 
stock with rolled sheet stock, three 
separate operations were required for 
its production. 

Other parts made of plastics include 
the operating handle of wood flour 
phenolic material, handle plunger of 
water resistant phenolic material, and 
pipe of cellulose acetate butyrate for 
connecting valve to fixture. 


Liner for 


Piston 
cover ™ 





Parts of Flush Valve 








Lead earrying capacity of 
bolted joints in structures built of 
timbers is increased many times by 
the use of steel ring connectors. In 
preparing the timber to receive the 
connectors, circular grooves are cut 
concentric with the bolt holes in ad- 
jacent overlapping faces. The depth 
of the finished grooves is about half 


May, 1943 


the width of the rings. Before assem- 
bling the joint, rings are inserted in 
the grooves on one timber face. In as- 
sembly, as the timbers forming the 
joint are brought together the protrud- 
ing rings in one face enter the grooves 
in the other face, and the timbers 
drawn together by ordinary through- 
bolts. The large bearing area of the 





STEEL RINGS INCREASE 
STRENGTH OF WOOD JOINTS 


OWI! Photo 
rings as compared to that of the bolts 
makes it possible to utilize a greater 
percentage of the bearing strength of 
the wood. Rings are pressed steel and 
range from 2% to 6 in. dia. In one 
military construction program, by us- 
ing wood construction and connector 
rings, it was possible to allot 200,000 
tons of steel for other purposes. 
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BOB BURNS GOES TO WAR: 
When Comedian Bob Burns ap- 


peared on U.S. movie screens 10 years 
ago with a gas-pipe musical] instru- 
ment he called the “bazooka,” that 
was funny. But when an American 
doughboy in North Africa brought 
about the surrender of six tanks with 
one shot from another gas pipe also 
known (to the troops) as the “ba- 
zooka,” there was no laughing. 

Nor will there be any amusement 
for the enemy in this latest weapon 
to be publicized by the Ordnance De- 
partment. A rocket gun normally fired 
by two men, the “bazooka” allows the 
foot soldier to become a tank hunter, 
no longer chained down by heavy artil- 
lery pieces and the complexities of the 
terrain, a development which is hardly 
trifling. The “bazooka” itself is a 
shoulder weapon, open at both ends of 
the barrel, which fires a_ rocket 
grenade. 


Shatters Cast Steels 


The projectile, in addition to pene- 
trating steel armor, will drive through 
brick walls and masonry with a pow- 
erful blast effect. It will shatter cast 
steels and such material as bridge gir- 
ders and railroad rails. It is revolu- 
tionary in design, and its mobility is 
attested to by the fact that it can be 
carted about in a jeep or carried by 
two men at a dogtrot. Normally, it is 
used at relatively short ranges and 
supplements rather than supersedes 
other weapons. 

Two stories were released by the 
War Department about the “ba- 
zooka’s” role in North Africa. One 
concerns the soldier who waded ashore 
with a “bazooka” to deal with a small 
fort which was holding up a landing 
party. One shot and the fort surren- 
dered. The other concerns a hidden 
doughboy who fired on the first of six 
approaching enemy tanks. The rocket 
missed, struck a large tree and felled 
it. The enemy promptly surrendered. 
Their commander, an experienced of- 
ficer, explained to the astonished 
Americans that: 

“When you start firing 155-mm. 
guns at tanks, it’s time to surrender.” 


272 





The 155 is the largest field weapon 
our forces use. 

Gen. Campbell also announced a 
“new high explosive which is more 
than one-third greater in its destruc- 
tive effect than is TNT.” 


Fate of Heavy Tank 


First word on the fate of the heavy 
tank (PRropuct ENGINEERING, Nov.. 
1942, p. 617), came from Gen. Camp- 
bell who answered critics’ charges 
that the Germans had “put one over” 
with their Mark VI heavy tank in the 
Kasserine Pass action. Campbell 
pointed out that Ordnance developed 
a 60-ton tank 17 months ago, only to 
have it rejected by the armored forces 
as too heavy, too easy a target, under- 
gunned for its weight and insufficiently 
maneuverable. The armored forces 
plumped for a larger gun with greater 
maneuverability. This led to. develop- 
ment, Campbell said, of the M-7 self- 
propelled 105-mm. howitzer, known to 
the British as “The Priest,” (Propuct 
ENGINEERING, Jan. and March, pp. 3 
and 129). Introduced at El] Alamein 
last fall, this development helped rout 
the Afrika Korps. 


OPRD PROGRAM: 


Other than the fighting forces, rela- 
tively few government agencies in 
Washington are not concerned in one 
way or another with post-war plan- 
ning. 

Not so with the most recently-estab- 
lished research organization—the Of- 
fice of Production Research and Devel- 
opment, set up last November primar- 
ily to handle what research WPB 
needs done. 

OPRD, directed by Dr. Harvey N. 
Davis, president of Stevens Institute 
of Technology, claims not to have any 
interest in projects which can’t be 
brought into consequential production 
in time to help win the war. The two 
tests which any project brought to 
the attention of OPRD must pass are: 
1. Is it new and is it good? 2. Will 
it help win the war? 

Activities of OPRD are restricted 
to needs of WPB. But other agencies 
can and do use its technical staff for 





advice, as do inventors who need help 
in development and non-government 
agencies which are unable to carry 
projects further without aid. The 
three fields out of which OPRD must 
stay are implements of warfare. han- 
dled by the Office of Scientific Re. 
search and Development and the serv- 
ices; rubber, handled by the Jeffers 
office; and petroleum, handled by Oil 
Czar Harold Ickes. 


Works Closely With Inventors 


Normally, OPRD_ works rather 
closely with the National Inventors 
Council, the agency established early 
in the war program to strain out the 
flood of ideas from cranks, dabblers, 
hobbyists and inventors. Projects 
brought directly to OPRD are gener- 
ally referred to the council to make 
sure they are new. 

Having before it a suggestion not 
patently ridiculous, OPRD refers the 
topic to one of its branches, Metal 
and Minerals, Chemical Industries, 
Industrial Products, and Consumer 
Products, for thorough examination in 
the light of the two tests already men- 
tioned. Those projects which pass the 
tests are then passed on to the best 
possible research agency for develop- 
ment under OPRD supervision. 

OPRD enters into a contract for a 
given research job and, when that job 
is completed, reports on it to the WPB 
division requesting or interested in 
the research. From that point on, if 
the research demonstrates the com- 
plete feasibility of the project, pro- 
duction is up to some other agency. 
OPRD’s job stops with completion of 
the research. 


Contracts Not Easy to Get 


It’s not easy for a research agency 
to get a contract with OPRD. For 
one thing, just about all of the re 
search which is going on today is be- 
ing done for the government. Thus, 
with the government about the only 
customer, OPRD and the other agen 
cies entering into research contracts 
can pick and choose with minute dis- 
crimination. 

Contracts are entered into with col- 
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leges, private institutions, commercial 
Jaboratories and other agencies in a 
position to do the job. The contrac- 
tual process is by no means one-way, 
for agencies with worthy projects 
which they are unable to carry fur- 
ther unaided can apply to OPRD for 
funds with which to complete their 
work. Normally, however, the busi- 
ness flows from OPRD to the labora- 
tories. 

For various reasons, which it chooses 
not to discuss, OPRD is gun-shy about 
publicity on its budget and contracts 
let thus far. It has made contracts 
in each of the four fields it covers. 

As regards the patent situation 
growing out of OPRD projects, the 
agency hasn’t much to say other than 
to warn individuals who want OPRD 
assistance that they should protect 
themselves before bringing their ideas 
in. No secrecy can be guaranteed 
while a project is under OPRD con- 
trol: thus, the least that an individual 
should do before enlisting OPRD aid 
is to apply for a patent. As for pat- 
entable developments which arise dur- 
ing the period of OPRD sponsorship, 
no policy has been developed, Cur- 
rently, the agency is considering what 
its policy should be. 


ORDNANCE ACHIEVEMENT: 


Another victory in the battle of ma- 
terials was won by the Ordnance De- 
partment some weeks ago when the 
War Department announced a method 
by which steel may be substituted for 
brass in .45-cal. cartridge cases—the 
first such substitution in U.S. military 
history for small arms. 

Aside from the material savings, 
which will grow less imposing as the 
army completes the switch from .45- 
cal. pistols to .30-cal. carbines as side 
arms for officers and certain other 
personnel, the announcement heralded 
the possibility that a switch to steel 
cartridge cases may ultimately be 
achieved for all combat weapons. 

Officially, the Army went on the 
steel-shell-case basis for all types of 
fixed and semi-fixed artillery shell at 
the first of the year after a lengthy 
development program. 

Development of the .45-cal. steel 
cartridge case was carried out by the 
Evansville Ordnance Plant in conjunc- 
tion with the Frankford Arsenal. It 
followed a near-shutdown of the for- 
mer works less than a year ago be- 
cause of a shortage of brass. Six 
months later, the steel process was 
perfected. During that time, Frank- 
ford perfected a steel copper-plated 
jacket which allowed considerable 
savings in gilding metal (90 percent 
copper and 10 percent zinc). A third 
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“@ne of the gums in which we 
have the most faith” is the way the 
Ordnance Department characterizes 
this 240-mm. howitzer, pictured being 
fired during maneuvers at Hawaii. It 
is the mightiest of the Army’s artil- 
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lery, but its performance is a secret. 
World-War counterpart was the Brit- 
ish 9.2 siege ‘howitzer, The 240-mm. 
gun fires a shell 20 percent heavier to 
twice the range. Its accuracy has 
never been excelled. 





development was a wax-dipped liner 
for .45-cal. ammunition boxes to re- 
place terneplate. 

Whether the department ever will 
succeed in perfecting a steel substi- 
tute for brass cartridge cases in 
smaller calibers remains to be seen. 
To do so, it will have to develop a 
steel which will expand as rapidly as 
brass on firing, to prevent gas leak. 
then cool as rapidly, to allow fast 
extraction. This will take some doing 
for machine guns firing up to 700 
rounds per minute. 


UP TO NELSON: 


On the desk of WPB Chairman 
Donald M. Nelson is a proposal to 
extend the simplification program to 
a size which would dwarf 1942 activ- 
ity. If adopted, the program would 
result in issuance of hundreds of sim- 
plification orders this year, for last 
year’s activity touched only a small 
fraction of the logical possibilities, 
(Propuct ENGINEERING, April, p. 192). 

Based on the 1942 record, in which 
10 percent of the workers in industries 
affected by simplification orders were 
released for essential work, it is an- 


ticipated that as many as 5,500,000 
workers might be freed by an all-out 
simplification program in 1943. This 
figure includes 500,000 skilled work- 
ers. Any such results would have 
considerable effect on the manpower 
shortage. 


Savings Are Impressive 


Benefits of the proposed program 
would carry over into transportation, 
material and space savings. It is esti- 
mated that the full program would 
save 5,000,000 tons of steel this year, 
and imposing totals of copper, alumi- 
num, wood pulp, cloth, solder, lum- 
ber and other materials. Behind these 
would be space and transportation 
savings. Certain inventories would be 
reduced as much as 25 percent, and 
material stockpiles boosted. Produc- 
tive capacity would be upped 10 per- 
cent or more by longer manufacturing 
runs, fewer changeovers, simplified 
inspection procedures and other pro- 
duction shortcuts, 

Insiders at WPB who know the 
background of the program, derive 
considerable amusement from the at- 
tacks made on it as being “socialistic” 


273 





by more than one newspaper. Howard 
Coonely, Conservation Division direc- 
tor and originator of the program, is 
a former president of the National 
Association of Manufacturers. 


SUBSTITUTION GUIDE ISSUED 


Second edition of WPB Conserva- 
tion Division’s index and substitution 
guide has recently been released. It 
contains a cross-reference of end 
products with “L” limitation and “M” 
conservation orders through March. 
Substitution possibilities for all prod- 
ucts affected by these orders also are 
contained in the volume, which may 
be had from B. M. Seiger, 4th floor, 
Gas-Light Building, 11th and H Sts., 
N.W., Washington, D. C. 


MORE SIMPLICATION: 


Latest simplification orders include 
another considerable slash in allow- 
able models of forged axes, hatchets, 
adzes, broad axes and light hammers. 
Schedule II of Order L-157, as 
amended, cuts allowable items from 
346, where they stood after previous 
heavy cuts, to 113. The schedule 
eliminates grades, allowing only forge 
finishes, and eliminates handle speci- 
fications. Tightening of previous sim- 
plification orders was necessary be- 
cause earlier orders failed to go far 
enough. 

Order L-212 simplified lines of in- 
candescent lighting fixtures and dras- 
tically reduced allowable amounts of 
metal in them. Simplification of lines 
and elimination of critical metals used 
for certain types of cooling units is 
accomplished by six schedules at- 
tached to amended Order L-126. 


REDESIGN SAVES RUBBER: 


The Army has cut its use of crude 
rubber by 45 percent since Pearl Har- 
bor, and most of the savings have 
come about through design modifica- 
tions, 

Some modifications were as simple 
as leaving pedal pads and mats off 
trucks, or making aircraft vibration 
pads round rather than square. Others 
have been as involved as the change- 
over from aluminum to rubber bridge 
pontoons, effectuated because it cost 
less rubber in tires to carry deflate- 
able rubber pontoons than it cost to 
carry rigid aluminum pontoons. 

Polyvinyl resins replaced rubber in- 
sulation on cable and wire. Synthetic 
resins replaced almost all the crude 
rubber which made up 40 percent of 
the waterproofing on raincoats. Ord- 
nance Motor Transport tires were held 
to rigid rubber content specifications, 
and second-grade tires with only mi- 
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nor flaws were accepted. Armored 
vehicles got simplified treads, tube 
gages were reduced and steel wheels 
substituted on such portable equip- 
ment as concrete mixers and air com- 
pressors. By next year, the Army fig- 
ures it will have cut crude rubber re- 
quirements for tires by more than 60 
percent from its Pearl Harbor stand- 
ards. 

Even the protective rubber installa- 
tions for tank crews were redesigned, 
cutting rubber needs to one-ninth with 
little loss in efficiency. 

By cutting the crude rubber con- 
tent in footwear 40 percent and by 
issuing rubber footwear only to troops 
which have immediate need for it, 
further savings were effected. 

Tire treads for earth movers were 
redesigned to save from 16 to 32 per- 
cent of the crude rubber necessary 
for such tires. 


THERMOPLASTICS FREEZE: 


Numerous civilian items have been 
added to the list of non-essential prod- 
ucts for which thermoplastics may not 
be used, under Order M-154. 

The ban also prohibits use of more 
thermoplastics than are absolutely 
necessary in the manufacture of any 
unrestricted item, and denies the use 
of thermoplastics for any decorative 
attachments for any article. Ex- 
empted are thermoplastics in stock 
before the order was issued and those 
so processed as to be otherwise un- 
usable. 

The order defines thermoplastics as 
cellulose acetate, cellulose acetate bu- 
tyrate, plasticized cellulose nitrate 
(except in explosives and protective 
coatings) plasticized ethyl cellulose 
and polymers and copolymers of sty- 
rene (except styrene copolymerized 
with butadiene. ) 

Among the items proscribed are au- 
tomobile accessories, not including 
standard equipment; badges, em- 
blems and campaign buttons, except 
personal identification required by 
governmental agencies, personnel and 
plant identification for industrial use, 
tags and badges required for tax pur- 
poses by state and municipal govern- 
ments, 


CARBON STEEL PLATE TYPES: 


A sizeable increase in production 
capacity for carbon-steel plate is ex- 
pected to result from WPB’s decision 
to restrict output to 25 standard speci- 
fications. Under schedule 8 of order 
L-211, all government orders must be 
filled from lists 1 and 2 of schedule 
8, and general orders from list 1. 

Most carbon-steel plate produced at 


the time the order became effective 
was in conformance with the stand- 
ards, but elimination of special and 
non-essential types will augment ca- 
pacity. Plate was the eighth category 
for which National Emergency Speci- 
fications were established. 


MATERIALS: 


Carbon Steel will be more critical 
in the third quarter of this year than 
either aluminum, copper or alloy 
steel, according to demands now be- 
fore WPB’s requirements committee. 
Currently, the committee is faced 
with the prospect of scaling down 
demands from 16 claimant agencies 
for 20,830,000 tons of carbon steel in 
1943 to meet the 14,450,000-ton sup- 
ply. As recently as two months ago, 
the situation in carbon steel was de- 
scribed as “easing.” One reason for 
the jump in requirements may be 
substitutions of carbon steel for alloy 
steel. The Requirements Committee 
seems to feel that there is a certain 
amount of “water” in the 20,830,000- 
ton demand for the forthcoming quar- 
ter. 


Copper may no longer be used in 
fans, air conditioning or refrigeration 
equipment except as permitted under 
Orders L-176, L-126 and L-38, re- 
spectively. The prohibition is em- 
bodied in Order M-9-c, as amended. 


Copper chemicals for plating are 
banned by Order M-227, as amended. 


Ferrocolumbium jis placed under 
complete allocation control by Order 
M-296 which allows deliveries and use 
only with WPB approval. Application 
must be made on Forms PD-391 or 
PD-707. 


Plastics molding machinery fix- 
tures are controlled by Order L-159, 
as amended. Fixtures are defined as 
new and used cylinders, feed screws, 
straight heads, cross heads, jet attach- 
ments, temperature control units and 
molds. 


Steel fabricated for certain non- 
essential products and frozen since 
manufacture of these products was 
banned is to be released for use in its 
intended applications under Order M- 
126, as amended. About 3,000 tons of 
light-gage metal, otherwise unusable, 
is affected. 


Polystyrene is placed under alloca- 
tion by Supplementary Order M-170-a. 
Any person may accept delivery of 
and use 50 lb. monthly without spe- 
cific authorization. Application for 
more must be filed on form PD-600. 
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PRODUCT ENGINEERING EDITORIAL 





The Proposal to 


Nationalize Research 


Oh! I am going to another world, where everything is 
bright, 
Where the hand-outs grow on bushes, and you sleep 
out every night. 
Where you do not have to work at all, not even change 
your socks, 


And little drops of whiskey, come trickling through the 
rocks. 


AN OLD BALLAD thus describes the thoughts of a dying 
hobo. It is safe to assume that this tramp had pan- 
handled his way through life, never had ambitions, con- 
tributed nothing to the welfare of his fellow men and 
had added nothing to the national wealth. 

However, by merely transposing this song into prose, 
dressing the presentation with the nomenclature of eco- 
nomics, modernizing it by brief references to the iniqui- 
ties of monopolies, patent abuse and the control of 
natural resources, emphasizing everything wherein we 
fall short of Utopia, you have “National Resources 
Development Report for 1943. Part I—Post-War Plan 
and Program.” No longer do we have a silly ditty. 
Instead, it is a supposedly serious report that promises 
our voters “handouts growing on bushes,” avoids any 
reference to work, and paints a beautiful picture of a 
country of no poverty, no unfilled desires, no distress. 

Of special interest and significance to scientists and 
engineers is the section of the report dealing with re- 
search, patents and the socialization of industry. Amer- 
ican research is criticized because the chemical industry 
spends 5 percent of its total sales on research whereas 
all other manufacturing industry spends only 0.2 per- 
cent. Another accusation is that “private research has 
been especially slow in discovering uses for available 
resources that do not have obvious economic value.” 

The report writers must either be ignorant of the fact 
that chemistry offers a much vaster field for research 
than does mechanical engineering, or they are purposely 
attempting to deceive their readers. Their statement 
that industrial research has avoided problems unless 


“expenditure of funds will yield tangible results in a 
short time,” is not true. One can cite innumerable 
research projects which at the time of their inception 
gave not even a hint of promise of financial return. A 
survey covering six leading companies in various fields 
showed that from 10 to 20 percent of their total appro- 
priations for research were spent for pure science. 

To remedy all alleged ills, the National Resources 
Planning Board proposes to “nationalize” scientific and 
industrial research. This would include the establish- 
ment of numerous government-operated industrial re- 
search laboratories. The research files of industry are to 
be open, by edict, to the government research labora- 
tories. The “National Government,” which means a 
group of bureaucrats, will “determine” the relative value 
of research programs and select those to be initiated. 
“Patent rewards (will be) on a straight royalty basis 
with reasonable rates administered by a patent counsel,” 
this to apply to all patents. Licensing will be compul- 
sory. Apparently, the report assumes there exists an all- 
wise Solomon capable of establishing “just and equitable 
royalty rates.” “Reasonable rates” are not defined. All 
this is to be done with “Government . . . making certain 
that none of its policies tend to hamper the develop- 
ment of new products and processes.” At last the New 
Deal has discovered how to make the goose not only 
continue laying golden eggs after its head has been 
chopped off, but how to make a dead goose lay more 
eggs than a live one. 

A complete resumé of this 77-page report cannot be 
given in the space of an editorial. Certainly some of the 
ideas contained have merit, but if the proposals regard- 
ing research, patents and industry find their way into 
law, great hardships would be imposed upon individual 
research workers and engineers, depriving them of op- 
portunities. The effect upon scientific and engineering 
progress would be disastrous. 

We urge our readers to secure a copy from the Super- 
intendent of Documents, Washington, D. C. (price 25 
cents), study it carefully, and transmit their opinions 
to their respective Senators and Representatives. 
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Fig. 1—A magnesium alloy warp-beam for a textile machine. The textile industry led in magnesium consumption before the war 


Designing With Magnesium — I 


Effects of physical properties and fabricating characteristics of 
magnesium alloys on the design of structural members are dis- 
cussed here from the viewpoint of a design engineer. Compari- 
sons are made among various magnesium alloys, as well as with 
other structural materials. Castings, forgings, rolled sheet, 
extruded sections, and tubing are also compared to aid in making 
the best selection. This is the first of a series of articles digested 


from a forthcoming book by American Magnesium Corporation. 


cent of that of aluminum, and results 
in a high strength-weight ratio. 


ECENT developments in air- 
craft design have turned at- 
tention to magnesium, the 
lightest and youngest of the struc- 
tural metals. The basic reasons for 
magnesium’s important position are: 


2. Its adaptability to modern proc- 
esses of fabrication and assembly, 
such as extrusion, die casting, elec- 


tric spot welding and others. 
1. Its low specific gravity, which is 3. Excellent machining properties. 


23 percent of that of iron and 64 per- Production of magnesium alloys by 
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American Magnesium Corporation, 
known under the trade name of 
MAZLO, started on a commercial 
scale about 1924. From a few hun- 
dred tons annually, production rose 
in 17 years to an estimated world 
production of over 100,000 tons in 
1941. Magnesium alloys are now 
available in practically all commer- 
cial forms of castings, forgings, rolled 
sheet, and extruded shapes, although 
with some limitations in maximum 
sizes as compared with some other 
structural materials. 

The principal factors responsible 
for the exceptional rapidity of de- 
velopment of the magnesium industry 
are: 


1. Increasing weight savings have 
been demanded, not only for aircraft 
but for many other applications. 
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2. Mechanical properties have been 
continually improved. Tensile strength 
of the best cast or wrought:magnesium 
alloys available today is 50. percent 
higher than the best of 18 years ago. 


3. Resistance to corrosion has been 
greatly increased, both by alloying 
and refining, as well as by improved 
surface treatments. A magnesium 
casting in 1924, unless carefully pro- 
tected by paint, would be attacked 
seriously when exposed to tap water 
for only a few hours. 


4. Cost of magnesium alloy prod- 
ucts has been reduced to one-half or 
one-third of the average cost of 18 
years ago. It now approaches or, in 
many instances, has reached a price 
comparable to other metals on an 
equal-volume basis. 


The percentage of magnesium in 
airplanes has greatly increased. Air- 
craft, however, have not always been 
the principal consumer of magnesium. 
For the first several years of commer- 
cial development of magnesium in 
Europe, bus and truck crankcase and 
wheel castings consumed the bulk of 
the magnesium output in Germany 
and Great Britain. The textile in- 
dustry increased its consumption of 
magnesium over 30 times within the 
last five years and, at the beginning 
of 1941, consumed magnesium alloys 
at a rate higher than that of the en- 
tire American aircraft industry and 
all other structural applications com- 
bined only 7 years ago. 

Magnesium alloys, as available to- 
day, differ from other structural ma- 
terials in many physical and chem- 
ical properties. Some of these, such 
as specific gravity, crystal structure, 
modulus of elasticity, or relative po- 
sition in the electrochemical series, 
which are rooted in basic character- 
istics of the metal, cannot be changed 
by research, but they may often be 
made to serve advantageously. Other 
properties, which are not of a basic 
nature, respond to efforts of research 
to improve them. For instance, cor- 
rosion resistance has been greatly 
increased by purification from traces 
of iron and nickel, and mechanical 
properties have been raised by alloy- 
ing, grain refinement, and heat treat- 
ment. The principal properties of 
structural magnesium alloys are given 
in condensed form on page 324. Al- 
though magnesium may, in many re- 
spects, be grouped with aluminum, 
these similarities must not lead the 
designer to overlook the essential 
points of difference. 

The main characteristics in which 
Magnesium alloys differ from other 
basic structural materials are com- 
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Table I—Specifications and Compositions of Some Structural 




















Materials 
Specification Nominal Principal Alloying 
A.S.T.M. Elements in Percent (Approximate) 
; (Except Where 

Material Alloy Marked*) Cu Si Mg Mn _ Other 
Sanp or PERMANENT Mo.p Cast 

Aluminum (')... 43 B26-37T (JJ) 5 

Aluminum (')... 195-T6 B26-37T (G) 4 

Aluminum (‘)... 220-T4 *S.A.E. 324 10 

Aluminum (')... 356-T6 | B26-37T (M) 7 0.3 

Gray Cast Iron.. A-48-35T (30) 2 0.6 3.5C 

Malleable Iron. . A47-33 (35018) 1 0.3 2.2C 

Cast Carbon Steel A-27-39 (B) 0.3 0.7 O.3C 
Die-Cast 

Aluminum (!)... 13 B85-39T (V) 12 

Die-Cast Zinc... B86-41T (XXIII) 0.04 4 Al 
Wrovucnt 

Aluminum (!)... 3S-4H B79-40T 1.2 

Aluminum (‘)...  17S-T B89-40T 4 65 5 

Aluminum (')... 24S-T *S.A.E. 24 4.5 15 06 

Aluminum (')... 52S-14H B109-40T (201) 2.5 0.25 Cr 

Structural Steel. . *S.A.E. 1025 0.5 0.25C 

Alloy Steel...... (2, 3) 

High Brass, soft. B36-40T (8) 65 35 Zn 

High Brass, hard B36-40T (8) 65 35 Zn 
Non-METALLIC 

Hard Maple.... (3) Hard Sugar Maple, Oven Dry 

Phenolic Sheet. . (4) Laminated Fabric - Base Phenol- 


Formaldehyde Compound, Grade C 





(‘) Aluminum Company of America alloy designations. 

(?) Any structural alloy steel containing less than 4% percent carbon, heat treated 
to 150,000 lb. per sq. in. tensile strength. 

(3) See ANC-5, Strength of Aircraft Elements, p. 2-10. 

(*) See NEMA Laminated Phenolic Products Standards, Publication No. 39-57, 


Nov. 1939. 





pared here from a designer’s view- 
point, using specifications given on 
page 325 and Table I. In Table III 
specific gravities of various structural 
materials are included. 


Weight Saving By Magnesium 


Weight saved through use of mag- 
nesium depends on a number of fac- 
tors, such as: 


(1) Specific gravity and mechani- 
cal properties of the material re- 
placed, 

(2) Degree of maximum possible 
efficiency of design of the replaced 
part, 

(3) Extent to which increases in 
cross section are permissible in the 
magnesium part, 

(4) Type of loading to which the 
part is subjected. 


1. Properties of Material Replaced. 
The design of a structural part, and 
therefore its weight, are governed by 
a combination of several physical 
properties. While tensile test is gen- 
erally accepted as the principal crite- 
rion for strength, it must be balanced 
against a number of other properties 
that may be equally or more impor- 
tant. In some of these, such as com- 
pressive strength, shearing strength, 


stiffness, and hardness, magnesium is 
comparatively weak. In other prop- 
erties, such as fatigue strength, re- 
silience, damping capacity, and 
toughness, magnesium is relatively 
strong. Therefore, in weighing the 
choice between another material and 
magnesium and in selecting the 
proper magnesium alloy, each design 
must be considered on its own merits. 

Thus, a magnesium alloy with high 
yield strength is desirable in an ap- 
plication involving static loading, but 
may be undesirable in a part sub- 
jected to heavy shock loads because 
high yield strength is frequently ac- 
companied by low toughness. The 
low modulus of elasticity of mag- 
nesium may serve as a further il- 
lustration. Depending on _ circum- 
stances, the designer may find it of 
no effect and disregard it, or he may 
use it to advantage in a structural 
member requiring a high degree of 
resilience, or he may be forced to re- 
design the member in order to obtain 
adequate stiffness. 

2. Maximum Possible Efficiency of 
Design. For manufacturing reasons 
many structural parts are made 
stronger than stress analysis would 
indicate to be necessary. Castings 
require minimum wall thicknesses 
for foundry reasons; for instance, an 
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Table II—Ratings of Magnesium Fabricating Processes 
(A = Best) 





Capacity of Dimen- 
sional 


Weight Producing 


Cost of Finished 
Part (+) 








Process of Saving Intricate Accuracy Small Large Tensile Size 
Fabrication (4) Shapes (?) (3) Lots Lots Strength  (°) 
Sand Castings.... . E A D A D C A 
Permanent Mold 
Castings........ D B C C a C C 
Die Castings...... B C A D A D D 
Forgings.......... C E C D B A C 
Extruded Shapes... B F B B B A B 
- See B F B C B B B 
Formed Sheet 
a A D C D Cc B B 





(‘) As indicated by thinness of section. 


A = thinnest section. 


(?) Degree of intricacy of shapes that can be produced. A = most intricate shapes. 

(3) As indicated by amount of machining finish allowance and dimensional toler- 
ances. A = closest to finish machined dimensions. 

(*) Includes tool cost, also includes machining where necessary. A = lowest cost. 


(5) As indicated by overall dimensions. 


A = maximum dimensions. 


(*) Including welded or riveted assemblies of sheet and other forms of fabrication. 





14 in. wall may be the thinnest the 
foundry can produce in a certain 
casting, when szz-in. is sufficient to 
carry the load. Furthermore, cast- 
ings have bosses, lugs, flanges, and 
other elements whose dimensions are 
controlled not by strength require- 
ments, but by the sizes of bolts, rivets, 
inserts, bearings or fittings, assembled 
with the casting. Similar conditions 
apply, te a lesser extent, to forgings, 
extruded shapes and sheet structures 
where fabricating limitations fre- 
quently dictate heavier sections, 
either locally or generally, than are 
necessary for strength. Hence, when 
replacing a member of this type with 
magnesium, a greater weight saving 
may be obtained than a comparison 
of mechanical properties would indi- 
cate to be possible. 

3. Permissible Increases in Cross 
Sectional Dimensions. Increase in 
cross section frequently solves a mag- 
nesium design problem. Strength or 
stiffness of a structural member in- 
creases, under many conditions of 
loading, with the second or third 
power of thickness or depth of the 
member. Examples are strength in 
bending, buckling, and resistance to 
elastic deflection. Small increases in 
cross section, judiciously placed and 
involving relatively little increase in 
weight, may therefore result in dis- 
proportionately great increases in 
strength and stiffness. However, there 
are many instances where substitution 
of magnesium would result in no 
weight saving unless certain cross 
sectional increases are permissible. 
This condition is schematically illus- 
trated in Fig. 2 on a tubular section. 

When increases in dimensions are 
permissible, it may be possible to de- 
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sign a magnesium member more ad- 
vantageously than is possible with 
other metals and, at the same time, 
reduce the weight appreciably. Abil- 
ity to use a greater bulk of mag- 
nesium removes the problem of local 
instability which may be a govern- 
ing factor for other materials. Al- 
though greater local stiffness and 
sturdiness of heavy members may be 
attained by attaching stiffening ele- 
ments, such as angle sections or cor- 
rugated sheet stiffeners, these addi- 
tions add to weight and costs. 


4. Type of Loading. The type of 
loading to which any member is sub- 
jected greatly influences the per- 
centage of weight saving possible. 
Frequently the light weight of a mag- 
nesium part in itself reduces the 
stresses that it has to withstand, as 
illustrated by the following examples: 

(a) Stress produced by centrifugal 
force in the hub of a high-speed im- 





peller is directly proportional to the 
weight of the part. 

(b) Bending moment produced in 
a rocker arm at the instant of reversal 
is proportional to its weight. 

(c) Since the specific gravities of 
magnesium, aluminum and steel are 
about in the same proportion as their 
modulus values, geometrically identi- 
cal beams of the three metals deflect 
equally under their own weight and 
have about the same vibration char- 
acteristics when not loaded. 

(d) A pyramiding effect in weight 
saving may be encountered in large 
assemblies of magnesium members, 
When, for instance, a cast magnesium 
accessory housing is bolted to a cast 
magnesium main housing of an air- 
craft engine and the assembled struc- 
ture is subjected to heavy vibration 
in service, the lighter weight of the 
magnesium accessory housing may 
reduce fatigue stresses in the main 
housing and may make possible an 
additional weight reduction in the 
main housing. An example of such 
saving was cited by E. C. Hartman 
for Structural Applications of Alumi- 
num Alloys, Paper 1979, Trans. A. 
S. C. E., 1937, p. 1381, Symposium 
on “Structural Application of Steel 
and Light Weight Alloys.” 


Choice of Fabrication 


A number of magnesium alloys con- 
taining at least 88 percent magnesium, 
balance aluminum, zinc, manganese 
and other elements, have been de- 
veloped for structural uses and are 
available as sand castings, perma- 
nent mold castings, die castings, forg- 
ings, rolled sheet, extruded sections, 
and tubing. Their mechanical prop- 
erties differ widely. 

To make a proper choice for a 











(l1)Original steel section.(2)Magnesium section of same diameter is most 
unfavorable from weight standpoint. (3) Magnesium section of same pro- 
portions is usually preferable .(4) Magnesium section of same wall thick- 
ness.Most weight is saved but section is inferior in local stability. 

















Fig. 2—Tubuiar cross-sections of steel and magnesium of approximately equal 
strength and stiffness. Amount of weight saved depends upon loading conditions and 


properties of steel replaced 
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given structural part, dimensional 
and qualitative limitations of the 
yarious available processes of fabri- 
cation and assembly must be taken 
jnto account. Several modern proc- 
esses of fabrication, such as die- 
casting, and extruding, which cannot 
be used for ferrous alloys, can readily 
be used for magnesium, in common 
with aluminum and other non-ferrous 
metals. Also, a magnesium part may 
often be made by one or more 
processes, choice being determined by 
consideration of weight saving, tool 
cost, strength, machining, forming 
and joining cost and others. This 
choice may well be entirely different 
and more advantageous than the 
choice that would be made for some 
other metal. Table II gives an ap- 
proximate rating of various processes 
with regard to relative weight, 
strength, cost, accuracy, and capacity 
of producing parts of intricate design 
and large size. Some of the factors 
influencing choice of process are as 
follows: 


1. Castings. To an increasing ex- 
tent, sand, permanent-mold and die 
castings of magnesium alloys are used 
to replace riveted assemblies. Al- 
though weight is not always reduced, 
the change simplifies construction and 
reduces labor cost, as shown by H. 
Altwicker in discussing the “Use of 
Magnesium Alloys in the European 
Automotive Industry,” S. A. E. Jour- 
nal, September, 1939. Magnesium 
permanent-mold castings are equal 
to sand castings in strength, surpass 
them in accuracy and require less 
machining. Since magnesium die 
castings permit minimum wall thick- 
nesses about one-half those in similar 
magnesium sand castings, they offer, 
within their limits of fabrication, 
possibilities for maximum weight sav- 
ing on a mass production basis that 
are not equalled by any other process. 
As they may be cast with nearly the 
same close dimensional tolerances 
and standards of draft as zinc die 
castings, machining is minimized and 
great accuracy is attained. 

2. Extruded Shapes. Cross sec- 
tions of magnesium extrusions may 
often be designed to obtain stiffness 
and strength of steel with lightness 
of wood. Particularly, hollow ex- 
truded sections, both of symmetrical 
and irregular shape, combine a maxi- 
mum of structural efficiency with a 
minimum of weight and cost. With 
the extrusion process, it is possible 
to eliminate joints by combining sev- 
eral standard rolled steel shapes into 
one extruded magnesium shape. Dove- 
tail joints afford an economical and 
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Fig. 3—Spot welding stiffening ribs to a magnesium alloy section 


simple method of connecting two or 
more extruded shapes. 

3. Joining. Available _ joining 
methods frequently influence choice 
of the form of fabrication. Of out- 
standing efficiency are fusion welding 
and_ electric resistance welding 
processes, which make high strength 
magnesium joints possible at low cost. 

4. Machining. In castings that re- 
quire much machining, the low ma- 
chining cost of magnesium goes far 
to offset the somewhat higher price of 
rough magnesium castings. Machin- 
ability also becomes a factor in de- 
ciding whether a casting, a forging 
or an extruded shape should be used. 
In choosing between a forging with 
little machining and an _ extruded 
shape requiring machining off some 
excess metal, costs usually favor the 
extruded shape. The same condi- 
tions frequently apply in comparing 
extrusions and castings. 

5. Forming. The inability of mag- 
nesium alloys to withstand cold form- 
ing operations to the extent custom- 
ary with some other metals must be 
kept in mind. It is necessary to heat 
magnesium alloys for most forming 


operations, and it is generally desir- 
able to perform such work slowly 
rather than rapidly. This is of 
primary importance in sheet work- 
ing, in bending of structural shapes 
and tubes, and in forging. Slow 
working at elevated temperatures re- 
duces springback and frequently re- 
sults in greater accuracy and greater 
latitude in performing deep and in- 
tricate forming operations than is 
possible in cold forming. 

6. Heat Treatment. Most sand and 
permanent-mold casting alloys of 
magnesium may be given various heat 
treatments, which will produce either 
increased ductility or increased yield 
strength. These properties are re- 
tained indefinitely or undergo insig- 
nificant changes unless they are ex- 
posed to elevated temperatures. Cast- 
ings are usually heat-treated before 
machining because slight dimensional 
changes are caused by heat-treatment. 

Magnesium sheet alloys are fur- 
nished in either hard-rolled or an- 
nealed temper, no intermediate tem- 
pers being generally available. They 
are not heat-treated. The other forms 
of magnesium alloys, extrusions, tub- 
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Table 111—Tensile Properties and Specific Gravities of Some 
Structural Materials 





Typical Typical 
Typical Yield Yield 
Ultimate Strength Typical Strength 





Tensile in Elonga- in Com- 
Grade Strength, Tension, tion, pression, 
or Lb. per Lb. per Percent Lb. per Specific 
Material Alloy (*) sq.in. sq.in.(??) in2in. sq.in. Gravity 
SAND AND PERMANENT Mo.p Cast 
Magnesium...... AM265-C § 27,000 11,000 6 11,000 1.84 
Magnesium...... AM240-T4 P 35,000 12,000 9 12,000 1.81 
Magnesium...... AM260-T4 SP 39,000 14,000 10 14,000 1.82 
Magnesium. ..... AM260-T6 SP 38,000 20,000 3 20,000 1.82 
Aluminum....... 43 S 19,000 9,000 6 9,000 2.66 
Aluminum....... 195-T6 Ss 36,000 22,000 S 25,000 i 
Aluminum....... B195-T6 (*) P 45,000 33,000 8 33,000 2.80 
Aluminum....... 356-T6 Ss 32,000 22,000 4 22,000 2.65 
Aluminum....... 220-T4 S 45,000 25,000 14 26,000 2.56 
Gray Cast Iron... S 30,000 25,000 0.5 60,000 (8) 7.10 
Malleable Iron. . . S 57,000 37,500 22 35,500 (9) 7.33 
Cast Carbon Steel S 75,000 42,000 24 42,000 7.85 
Die-Cast 
Magnesium. ..... AM26S 34,000 22,000 S. , Setctoe 1.81 
Aluminum....... 13 33,000 18,000 a 2.65 
Mae sigs ws os 40,300 26,500 re re 6.64 
Wrovuent (*) 
Magnesium...... AM3S 40,000 30,000 4 11,000 1.76 
Magnesium. ..... AM-C52S 40,000 30,000 17 20,000 1.79 
Magnesium...... AM-C57S 44,000 32,000 14 20,500 1.80 
Magnesium...... AM59S 51,000 38,000 9 7,000 1.82 
Aluminum....... 3S-14H 21,000 18,000 16 18,000 2:73 
Aluminum....... 52S-44H 37,000 29,000 14 29,000 2.67 
Aluminum....... 24S-T 68,000 45,000 22 45,000 3.7 
Structural Steel (®)............. 60,000 38,000 30 36,000 7.85 
0 EE en 150,000 135,000 15 135,000 7.85 
SS | re 45,000 12,500 50 12,500 8.47 
Regn eeress, Herd. .<..........: 75,000 45,000 : ae rice 8.47 
Non-METALLIC 
re 10,200 (*) 3,000 ‘5 5,600 (°) 0.67 
Phenolic Sheet (")............. | ae ees 30 





(1) The suffix T4 denotes heat-treated condition, T6 heat-treated-and-aged condition. 
S denotes sand cast, P permanent mold cast. 

(?) For magnesium and aluminum, the yield strength is defined as stress at which 
stress-strain curve deviates 0.2 percent from modulus line. For all other materials, 
yield strength is defined in accordance with method given in source from which 
properties were taken. 

(*) A.S.T.M. specification B108-38T, alloy 1-A. Nominal composition 4.5 Cu, 2.5 Si. 

(*) The properties given are for extruded or rolled bar, except in the case of brass 
where they are given for sheet. Somewhat different properties are obtained in 
other wrought products such as shapes, sheet, tubing and forgings. 

(5) Similar to SAE 1025. See ANC-5, Strength of Aircraft Elements, for minimum 

roperties. 

(8) Strength of 3-ply Plywood, parallel to grain faces. 

(7) Yield strength varies depending on modulus of elasticity, which in turn varies 
—_ 350,000 to well over 2,000,000 lb. per sq. in. depending on fabricating con- 
ditions. 

(8) Assumed as 50 percent of block stress, which in turn is assumed as four times 
tensile strength. 

(°) Applies to high silicon malleable iron (approximately 2.3 C, 1.5 Si). 

(°) Fibre stress at elastic limit. Parallel to grain. 





ing, forgings, and die castings, are 
likewise generally furnished in the 
non-heat-treated condition and thus 


Tensile Properties 


1. Tensile Strength and Yield 





may be subjected to relatively large 
temperature changes without signifi- 
cant loss of strength. Exceptions are 
AM-C58S and AM-C74S alloys which 
may be heat-treated to produce in- 
creased yield strength without much 
change in tensile strength. 
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Strength. Typical tensile properties 
for several comparative materials are 
given in Table III. Most magnesium 
alloys in both non-heat-treated and 
heat-treated tempers have mechanical 
properties comparable to those of 
other structural materials. 





In general, yield strength bears 
about the same relationship to tensile 
strength for magnesium as for other 
comparable materials. Elongation 
values for magnesium are of the same 
order of magnitude as those of other 
materials. In view of these similari- 
ties, many of the rules governing 
good practice in design for other 
materials also apply to magnesium. 


2. Character of Stress-Strain 
Curve. Typical stress-strain curves 
for a number of comparable mate- 
rials are shown in Figs. 3 and 4. 
Attention is called to the fact that 
magnesium alloys, like most other 
non-ferrous alloys, do not show a 
sharp break in stress-strain curve but 
depart from the initial tangent line 
gradually. This is true in particular 
when the alloys are stressed in com- 
pression. In common with most other 
metals, no true proportional or elastic 
limit can be given for magnesium 
alloys because magnitude of these 
values is mainly a function of the 
sensitivity of measuring instruments. 
Such measurements are described in 
A. S. T. M. Proc., Vol 29 ‘Part II, 
1929 by R. L. Templin. 

The first significant departure of the 
stress-strain curve from the initial 
tangent line occurs at different rela- 
tive stresses in the various mag- 
nesium alloys. For instance, a stress 
that produces a permanent deviation 
of 0.02 percent from the modulus 
line is reached at about one-third 
of the yield strength in AM3S alloy, 
and at four-fifths of the yield strength 
in AM59S alloy. In cast magnesium 
alloys of the AM265-C and AM240-T4 
type the same strain is reached at 
about 40 to 50 percent of the yield 
strength. A discussion of this re- 
lationship is contained on p. 240 
“The Technology of Magnesium and 
Its Alloys,” 1940, F. A. Hughes & 
Co., Ltd., London. Since allowable 
working stresses in structural mem- 
bers hardly ever produce measurable 
departures from proportionality, the 
engineering importance of elastic or 
proportional limit is often over-esti- 
mated. See p. 190, J. Aero Sci., Vol. 
7, No. 5, 1940, studies reported by 
R. L. Templin and R. G. Sturm. 

3. Minimum Properties. The ten- 
sile properties given in Table III are 
typical, but not guaranteed minimum 
values. Since they are based on 
separately cast or otherwise fabri- 
cated test bars, the question arises 
to what extent they may be relied 
upon in actual castings, forgings, ex 
truded shapes, tubing, and sheet. Ex- 
perience has shown that minimum 
properties can be guaranteed in all 
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Fig. 4—Stress-strain curves in tension 
of cast metals, timber and _ phenolic 
sheet. Fig. 5—Stress-strain curves in 
tension of wrought metals. Fig. 6— 
Magnesium alloy airplane wheel cast- 
ings being gaged for dimensional ac- 
curacy 


wrought forms, but not in castings. 
In wrought forms, the lowest proper- 
ties are found in the least worked 
portions (i. e. the thickest portions 
and, in forgings, those with the least 
amount of metal flow) and in the 
“across-grain” direction, that is, per- 
pendicular to the direction of work- 
ing. An exception is sheet, which 
usually has better tensile properties 
across grain than with grain. 

In castings, the guaranteed values 
cover properties of test bars cast 
separately from the same heat of 
metal from which the casting was 
poured. Frequency curves of test 
specimens taken at random from 
Magnesium sand castings show that 
the actual properties of the metal in 
the casting cover a wide range. For 
instance on AM240-T4 alloy the ten- 
sile strength has been found to range 
between 18,000 and 41,000 lb. per sq. 
in, and the elongation between 1 
and 12 percent. Yield strength 
values, however, are affected to a les- 
sr degree and vary only between 
9000 and 12,000 lb. per sq. in. Fre- 
quency curves show further that 
the average value for test specimens 
cut from magnesium castings is about 
80 to 85 percent of average proper- 
ties of separately cast bars. 

In magnesium die castings, as in 
die castings of other metals, the dis- 
crepancy between test bar and cast- 


May, 1943 


ing properties may be greater than 
in sand or permanent-mold castings 
because the die casting process does 
not permit feeding during solidifica- 
tion. In simple thin castings high 
properties are obtained because of 
rapid chilling of the surface, whereas 
interior porosity may be encountered 
in more complicated parts, especially 
with varying section thickness. 





Subsequent articles will examine 
the properties of elasticity and stiff- 
ness, compression, bending, hardness 
and wear, resilience and toughness, 
fatigue, damping and vibration, shear 
and torsional strength, dimensional 
changes in service, effect of tempera- 
ture, electrical and magnetic proper- 
tics, corrosion, forming, machining 
and joining. 
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New Lead-Coating Process 


Elimina 


W. YONKMAN 
Engineer, Western Electric Company 


By a new hot-dipping process, hardware parts for outdoor service 
are being coated with lead without use of zinc. The process is so 
new that life tests have not yet been made, but the necessity for 
cutting down on the use of zinc and obtaining protective char- 
acteristics of lead are strong arguments in favor of it. 


ECAUSE of the increasing need 
B for zinc in connection with the 
war effort, which was apparent 
early in 1941, Western Electric Com- 
pany felt that steps should be taken 
at that time to find a substitute for the 
zinc used in the hot-dip galvanizing of 
pole line hardware, thereby releasing 
this essential metal for more urgent 
requirements. Several substitute mate- 
rials were considered, including or- 
ganic finishes, lead and various alloys 
of lead. Since many of the metals 
which might be used in lead alloys, 
especially tin, were also on the cri- 
tical list, effort was concentrated on 
the use of commercially pure lead, 
particularly since the available sup- 
ply seemed abundant. Up to the pres- 
ent, the coating of steel by the lead- 
dipping process has not, so far as we 
know, been used commercially on a 
large scale, although some relatively 
small units have been in operation. 
The value of lead coatings as a 
protection against corrosion of iron 
and steel has been discussed to a 
considerable extent in the literature 
and some of the difficulties of applica- 
tion have been pointed out. Lead coat- 
ings are resistant to atmospheric cor- 
rosion and will, no doubt, give long 
protection to iron and steel if a con- 
tinuous film substantially free from 
pin holes is applied. It is recognized, 
however, that pin holes are usually 
present in lead coatings applied by 
hot dipping. A superficial rust often 
appears on lead-coated parts shortly 
after application of the coating and 
it is believed by some that the pin 
holes are quickly sealed, affording bet- 
ter protection to the underlying iron 
and steel than might be expected or 
than appearance might indicate. 
Since no alloying layer is formed 
between iron and lead the iron sur- 


282 


face is not wetted by the lead and, 
unless proper care is taken in the ap- 


pr2atfon of the coating, the lead forms 


in globules on the work, leaving part 
of the steel surface exposed. This 
difficulty is greatly reduced in the 
method used by Western Electric, 
which method also makes the process 
practicable for large-scale production. 

Oil is removed from the work by any 
suitable cleaning method. Rust and 
scale are removed in a solution of 
sulphuric acid. A 6- to 12-percent sul- 
phuric-acid solution containing an in- 
hibitor and operated at approximately 
160 deg. F. is satisfactory. The iron 
content of the acid should not in- 
crease beyond 5 percent. The parts are 
next immersed in a 5- to 10-percent 


tes Use of Zine Alloy 


solution of hydrochloric acid contain- 
ing an inhibitor for a period of 10 to 
15 min. at a temperature of 120 deg. 
F. to 150 deg. F. The iron content of 
this solution should not increase be- 
vond 5 percent. 

The parts are then immersed in a 
solution of zinc ammonium-chloride 
flux at room temperature until they 
are completely wetted. This solution 
is made by dissolving five parts of 
zinc chloride and one part of ammo- 
nium-chloride by weight in six parts of 
water. This flux solution should be 
kept reasonably free of iron sludge at 
the bottom of the container. Concen- 
tration of iron in this solution should 
not increase beyond 8 percent. The 
parts must remain wet with this flux 
solution when they are placed in the 
lead-coating bath. Water rinsing 
should not be used after any of the 
foregoing operations, except when 
alkali cleaners are used in the first 
operation. 

The bath consists of commercially 
pure lead and is maintained at a tem- 
perature of 690 deg. F. to 710 deg. F. 





Lead-coated pieces used as substitutes for zinc-coated parts for hardware on tele 
phone and telegraph poles 
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Preparatory steps in the lead-coating process are shown in the diagram, left. From the zinc ammonium-chloride flux solution 
the parts go to the lead-dipping tanks shown in the photograph. Cross-section view of the tank shows the fused flux floating 


on top of the molten lead 


A layer of fused zinc ammonium-chlor- 
ide flux covers the bath. This layer is 
prepared by covering the bath with 
zinc ammonium-chloride crystals and 
allowing them to melt and fuse thor- 
oughly before dipping is begun. The 
layer should be prepared at least 2 hr. 
before the parts are dipped in the 
bath. When the flux is in its best 
operating condition, it is a thoroughly 
fused, dark liquid layer with a min- 
imum thickness of 4% in. Very little 
fumes are given off at the proper work- 
ing temperature. No additions are re- 
quired for several days after opera- 
tions begin except replacement of flux 
which is carried out by the work to 
prevent areas of exposed metal on the 
surface of the bath. When such addi- 
tions are necessary they should be 
made in small quar.ities and in such 
a way that unfused flux crystals do 
not come in contact with parts being 
dipped. In no case should such addi- 
tions be made at the exit end of the 
pot. When the pot is inactive, larger 
quantities of flux may be added pro- 
vided such additions are made at least 
2 hr. before the pot is used. 

The parts are passed in and out of 
the bath through the flux several times 
to insure contact of all surfaces with 
the flux. They are then submerged in 
the bath or allowed to float until 
heated to the temperature of the bath. 
Before withdrawal they are again 
passed several times through the flux 
until completely coated. After re- 
moval from the bath, excess metal is 
immediately removed by suitable shak- 
ing or centrifuging, depending on the 
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nature of the part, following which 
the parts are quenched in hot water. 
They should be removed quickly from 
the hot water to expedite drying. In 
the case of small parts, tumbling in 
sawdust may be advantageous. Parts 
not completely coated may be reproc- 
essed, without removing the coating 
already on the parts, by beginning 
with the hydrochloric-acid dip. 

The lead bath does not give satisfac- 
tory results until after it has been in 
operation for several days. From then 
on it seems to improve with use, an 
observation which was made experi- 
mentally as well as commercially. Al- 
though an analysis of the bath has 
been made periodically, lack of time 
has prevented study to determine the 
change which results in this improve- 
ment. 

The weight of the lead coating va- 
ries between 30 and 200 mg. per sq.in. 
The type of parts, the temperature of 
the bath and the degree of centrifug- 
ing or shaking after dipping are deter- 
mining factors in the weight of coat- 
ing which, in general, is somewhat 
thinner than the zinc coating produced 
by hot dipping. 

No changes in equipment are neces- 
sary in converting a hot-galvanizing 
unit to a hot lead-dipping unit. The 
molten zinc should be ladled from the 
pot as completely as possible and re- 
placed with lead. The lead bath is then 
heated to the temperature formerly 
used for galvanizing, which will float 
the residual zinc to the surface where 
it can be removed by skimming. Fre- 
quent skimming for a few days will 


eliminate the zinc except for small 
quantities amounting to a few tenths 
of 1 percent, and this appears to alloy 
with the lead. The bath should not be 
used for coating during this skimming 
period. The dipping unit used by 
Western Electric is capable of produc- 
ing approximately 3,600 lb. per hr. of 
lead-coated hardware. This unit was 
converted from zinc to lead dipping in 
July, 1941. 

Lead dipping has several operating 
advantages over hot galvanizing. There 
are no losses of metal due to dross 
and the time required to remove dross 
is therefore eliminated. The life of the 
equipment is lengthened considerably 
because of the lower temperature 
used and because the lead and iron. 
do not alloy. Skimming and replace- 
ment of flux on the molten lead bath 
are required less frequently than with 
zinc. 

Although Western Electric Com- 
pany is applying lead coatings to over 
60 percent of pole line hardware, time 
has not permitted life tests to be made 
under all operating conditions. How- 
ever, the deposit obtained together 
with the inherent protective qualities 
of lead make this coating a satisfac- 
tory substitute. 

In our early work on lead coating, 
numerous experiments were also made 
with various lead alloys, using the ap- 
plication procedure described above. 
Lead alloys containing about 3 percent 
of antimony showed favorable results 
in producing smooth coatings which 
appear to have good covering proper- 
ties. 
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Bar stock: Diameter and 
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or forging number 


If part shown replaces 


Numbers of machines on 
which part shown in 
drawing can be used, 
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Lot number shows particular group 
of a given time number of parts 
that are to be made 
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Practices in Use of Title Blocks 


As conditions in engineering departments change 
over the years, it becomes desirable to review 
practices and methods used to call attention 
either to new developments or to the excellence 
of established practices. For this reason, the title 
blocks used on drawings by manufacturers of 
many different kinds of products are presented 
in these pages along with an explanation and 
brief analysis of each title block. 

No attempt is made to point out good or bad 
practices. There has been no effort, either, to 


3 All standard-size experimental and 

production engineering drawings 
prepared by the Airplane Division of 
Curtiss-Wright Corporation have the 


The last four digits represent the 
drawing serial number in each of the 
The first digit of 
this group is always “O” in experi- 


unit designations. 


select companies which have recently changed 
their drafting-room practices. The only basis for 
selecting these particular companies was to 
Thus, 
some companies make only a few specialized 


obtain wide diversity in manufacture. 


lines of products, others make products that are 
too numerous to mention. Some companies are 
making war products entirely foreign to their 
peacetime activities. All of them, however, are 
very extensive users of engineering drawings and 


therefore know whereof they speak. 


are used to save engineering time 
when a number of details are shown 
on an assembly drawing. Left and 
right-hand designations are used 


a ae 


title block illustrated here printed on 
the reverse side. Drawing numbers 
consist of nine digits. The first two 
digits represent the model designation, 
or the number assigned by Curtiss- 
Wright to the particular model under 
consideration. The first of the second 
three digits indicates the major break- 
down of the airplane and the next two 
digits of this group indicate the 
breakdown within the major group. 


mental drawings and “1” in produc- 
tion drawings. Thus, an experimen- 
tal drawing may be changed to a 
production drawing by merely chang- 
ing the first digit of this group. The 
first ten serial numbers of each major 
unit breakdown are reserved for 
major installations or assemblies. The 
remaining numbers are used for minor 
assemblies, subassemblies and details. 
Dash numbers, such as 00-000-0000-1, 


whenever a part to be used on one 
side of the airplane has a mirror- 
image counterpart on the opposite 
side. A drawing is made of the left- 
hand part, with a note stating “LEFT- 
HAND SHOWN. RIGHT-HAND OP- 
POSITE.” The designation “L/R” 
follows the drawing number. At the 
upper right-hand corner of the draw- 
ing is the change block. Included are 
the change letter, numbers of change 





Number of parts required per 
complete airplane, drawing 
number of next assembly, 
customer’s designation of the 
model plane and the Curtiss- 
Wright sales order number 
go here 


Bill of material 


Classification — secret, con- 
fidential or restricted — is 
stamped in this block 


Space is left in this block to 
note corresponding symbol for 
micro-inch root mean square 





Number of applicable AN heat- 
treatment specification is placed 
here whenever the material is 
heat-treated during or after 
fabrication. If no further heat- 
treatment is required other 
than that performed before 
delivery,-the phrase “As Received” 
is inserted. Tensile strength 
and hardness, where applicable, 
are noted on all drawings of 
parts made of heat-treatable 
material, regardless of where 
the heat-treatment is done 





Consists of simplest basic 
name for part on one line 
with descriptive terms under- 
neath to identify or locate 
the part 


Latest change or revision 
letter is placed here on 
Navy drawings only 





Number and date of original 
drawing is placed here unless 
this is on original - 


This space is filled in on 
blueprints or vandykes 
furnished the Army or 
Navy with markings which 
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parts. First two digits in- i e 4 S 61989 | 
dicate classification and 


third digit gives size of 

drawing. Letter indicates 
plant where drawing was 
made. Following digits are 
serial number of drawing 





When revisions become 
too numerous or major 
changes must be made, a 
new drawing with another 
number is necessary. 
Number of the old drawing 
is inserted in this block 


Items in unit shown which may vary, 
such as rigid or flexible staybolts, are 
only indicated on drawing. Dimensions 
or other specifications for these items 
on each order are then shown in this table 
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Card for filing lists ten 
numbers for each drawing 
to take care of variables 
which are noted in colurins 
at left. This is particularly 
useful when standard parts 
or assemblies can be used 
for several orders 





Crossed-out order number indicates 
that variables were changed after 
order was tabulated or that error 
was made in tabulating. Correct data 
are then moved down one number 
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orders incorporated on the drawing 
in that revision, brief description of 
the change, name of draftsman mak- 
ing the change, name of checker and 
the date of the revision. 


4, This title block, used by a com- 
pany that builds locomotives, is 
placed in the upper right-hand corner 
of drawings because the vault filing 
system used is designed accordingly. 
At the left of the revisions column is 
a tabulation for recording data on 
patents when such data is required. 


5 Changes in drawings of the Van 

Norman Machire Tool Company 
are noted in a column at the left of the 
tool number column. This appears on 
all but the smallest-size drawings. 
The part name and assembly data are 
used to identify drawings instead of 
@ separate name. 


Drawings used by Barnes Drill 

Company are classified according 
to type of equipment. Thus, the pre- 
fix letter shown here indicates one 
model drill. Other models would be 
indicated by other prefix letters. The 
same applies to other types of equip- 
ment, such as honing machines, and 
the same letters may be used as those 
for drills. This complicates the sys- 
tem to some extent, but since the 
system has been in use since the com- 
pany was established it is felt that 
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the complications are less bother than 
the re-establishment of another system 
with the consequent changes that 
would be necessary. All numbers are 
recorded in books of serial numbers, 
one book for each prefix letter. 


q Because many parts and assemblies 

of the engines and compressors 
made by Cooper-Bessemer Corporation 
might be interchangeable, and some 
are used for many years, drawings are 
identified by assemblies, of which 
there are about 75 general types. 
Variations of the same assembly 
carry the same key number as the 
original with another number added. 
In the case shown, a revision in design, 
particularly if it is not interchange- 
able with the original design, would 
be numbered LS-11-1. Details are then 
shown by adding letters, for example, 
LS-11-1C. However, details which 
are still interchangeable with the 
original design are given the original 
number. For easy reference, title 
blocks of detail drawings show the 
assembly and item numbers on which 
that detail appears. This is very help- 
ful when altering details because it 
is necessary to study each assembly 
involved to determine the effect of 
the change. The bill of material is 
placed in the upper righthand corner 
of subassembly drawings and covers 
various combinations of that particu- 
lar subassembly. When certain items 


are not used a note of explanation is 
placed under the bill of material so 
that these items will be omitted from 
the production lists, If another as- 
sembly is involved a note of explana- 
tion is added to both drawings for 
cross-reference. 


8 Because of the extremely diversi- 

fied products and manufacturing 
operations of the Westinghouse Elec- 
tric & Manufacturing Company a sys- 
tem of drawing numbers based on 
types of products would be too cum- 
bersome and uneconomical. For this 
reason, all pertinent information is 
shown on all drawings. The bill of 
material, which is placed in the 
upper right-hand corner, includes the 
first shop order number, first design 
specification number, sub number, 
drawing number and finish specifica- 
tion references of the part shown. 
Data on material required includes 
symbol item number, description, 
finish reference, style number, pattern 
or tool number and the number of 
pieces required for one unit. Any de- 
tails, such as special treatment, are 
indicated by tying up the item number 
and the directions with symbols. 
Changes are listed by sub numbers in 
the change column, which goes along 
the left-hand margin. The tool or 
reference drawing number appears at 
the bottom of the form at the left of 
the title block. 
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Design of Highly Stressed Studs 
To Improve Their Fatigue Strength 


Proper design of studs subjected to high repetitive stresses will 


provide better stress distribution and lessen chances for fatigue 


failure. This article analyzes the loads to which a stud is sub- 


jected and suggests design modifications and refinements that 


result in longer stud life. 


ESTS, experiments and critical 
analyses have established many 
weaknesses inherent in the con- 
ventional stud and in the design of 
stud-fastened joints. Many of these 
weaknesses have no ill effects when 
the studs are loaded only lightly but 
when the stresses are high, and par- 
ticularly when they are cyclic as in 
aircraft engines, failures might and 
do occur. These are usually the re- 
sult of stress concentration and sub- 
sequent fatigue cracks. By proper 
design, it has been found possible to 
increase greatly the life of such as- 
semblies without any weight increase. 
The failures in the aluminum adja- 
cent to a stud are not caused solely 
by the pull on the stud, as the stud 
would fail in tension before shear 
could take place in the aluminum 


provided proper fits and proportions 
have been applied. This would apply 
with either static or cyclic pull on the 
stud as the strength of aluminum 
parts joined by studs is greater than 
that of the steel used in the studs. 
This may be proved by referring to 
Fig. 1 which shows a yYe-14 stud as- 
sembled in aluminum with an engage- 
ment length of 2D. As the shear forces 
must equal the pull, P we have 


27 DX T. =i s, 
where 7, = shearing strength in lb. 
per sq. in., either static or fatigue, of 
the aluminum alloy. 

S, = tensile strength in lb. per sq. 
in. either static or fatigue strength of 
steel used for stud. 

If d = 0.300 in. D = 0.4375 in. 





and 100 percent of the aluminum area 
is effective, then 17 T, = S,. There- 
fore, strength of steel must be 17 times 
the shear strength of aluminum. If 
we assume only 75 percent of alumi- 
num area effective, then S, = 12.7 T, 
and if 7, = 8,000 lb. per sq. in., then 
S, must be 100,000 lb. per sq. in. This 
is confirmed by Fig. 2 in which is 
shown a steel stud assembled in an 
aluminum alloy; the steel stud failed 
in test without apparent injury taking 
place in the aluminum. 

In actual service, a stud is sub- 
jected to many other forces beside the 
axial pull on the stud. These include 
bending, torsion caused by installa- 
tion forces resulting from tightening 
of the nut, and forces set up by the 
deformation of the assembled parts 
when under load. 

In metal-to-metal joints or joints 
wherein only a thin gasket is used, 
as, for example, in bearing caps or 
automobile cylinder heads, the load on 
the stud or cap screw will be either 
the initial tension or the tension re- 
sulting from the load on the joint, 
whichever is the higher. Therefore, 
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Fig. 1—Data for computing static strength of threaded joint 


288 


Fig. 2—Stud failure when joint is subjected to tensile load 
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in stud-fastened metal-to-metal joints 
subjected to repeated loadings, it is 
highly desirable that the initial ten- 
sion produced in the stud by tighten- 
ing the nut be equal to or greater than 
the stud load produced by the peak 
load in the cycle. Under such condi- 
tions the stud will not be subjected to 
repeated stress. Although this condi- 
tion is an ideal one which cannot be 
reached, highly prestressing the stud 
causes the additional cyclic stress im- 
posed by the peak cyclic loads to be- 
come almost negligibly small. 

For equal tightening torque and 
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Conventional studs should be in- 
stalled with an interference fit at the 
pitch line. When installing this type 
of stud, the thread engagement should 
not take place on any incompletely 
formed threads. The stud tolerance 
on these studs must be within a class 
IV tolerance. The tapped hole should 
be produced by means of taps made 
to produce the required interference 
fit. 

Regardless of the type of thread, 
one of the most important factors in 
a stud fastening is the fit of the stud 
in the part into which it is screwed. 
Too much negative clearance will pre- 
stress excessively the metal around 
the stud. However, there should be 
zero clearance between the roots of 
the thread in the one member and 
tops of the thread in the other mem- 
ber. This is necessary in order to 
guide or position the stud definitely 
so that side loads coming on the 
stud will not cause it to sway or vi- 
brate. Any side motion of the stud 
will set up bending moments. The 
tensile stresses created thereby would 
be added to the normal tension in the 
stud. This is one reason why the 75 
percent thread fit commonly used can- 
not give best results in highly stressed 
studs. 

Fatigue failure can also result from 
the studs having lateral motion in 
the tapped hole. For this reason, the 
tops of the threads should fit metal 
to metal against the roots of the mat- 
ing threads. This is difficult to main- 
tain in commercial production using 
the National Standard thread form 
unless a large interference fit is used. 
This is not desirable as it tends to 


overstress the metal around the tapped 
hole. 

A stud with 100 percent thread fit 
can be screwed in without difficulty 
by using a lubricant composed of 10 
percent colloidal, not flake, graphite, 
10 percent petrolatum and the bal- 
ance white lead ground in oil. Such 
a paste is non-seizing even after be- 
ing subjected to high temperatures as 
in airplane engines. 

Conventional straight studs are usu- 
ally given a thread grip of two di- 
ameters in the tapped hole. This 
works out satisfactorily for normally 
stressed studs but when alloy steel 
heat-treated studs are fitted into 
tapped holes in aluminum and the 
studs are highly stressed, fatigue fail- 
ures have been encountered. In order 
to minimize the possibility of such 
failures improved designs of studs 
and thread forms were developed. 

Long studs as in Fig. 3 should have 
a dowel collar or damping collar that 
contacts the wall of the hole. This 
is to prevent the stud from vibrating. 
The collar should not be placed at 4% 
or 1% the distance between the nut 
and joint surface, as these points 
might also be nodes in the stud when 
vibration occurs. Whipping studs 
often fail by fatigue. 

The stress conditions in a loaded 
conventional stud and in the metal 
surrounding it were determined by 
actual test. A steel stud was screwed 
into an aluminum holder which had 
a net cross-sectional area three times 
that at the root diameter of the stud. 
This specimen was then put in a test- 
ing machine and strain gage readings 
were taken while the load was being 

















Fig. 3—Long stud with shoulder for 
prestressing and dowel collar that pre- 
vents possible whipping 


thread friction the initial tension or 
prestress in the stud will be more 
than that produced in the body of a 
cap screw. The shoulder type stud 
may be manufactured, and the tapped 
hole held, within class II tolerances. 
Thread engagement should approach 
100 percent for maximum fatigue 
strength. This can be controlled by 
the size of tap drill used. Shoulder 
type studs should be used in alumi- 
num wherever it is desired to fit a 
7 without interference at the pitch 
ine. 
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Fig. 4—Probable distribution of stress in the metal surrounding a conventional stud 
in a tapped hole. Fig. 5—Unretouched photograph showing fatigue failure resulting 
from additional stress imposed on metal surrounding stud 
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applied. The results definitely indi- 
cated that a large stress is set up in 
the aluminum adjacent to the bottom 
thread of the stud. This load dis- 
tribution is shown diagrammatically 
in Fig. 4. In an actual construction, 
the stress distribution will be some- 
what different but the nature of stress- 
ing will be fundamentally the same. 
The nature of a fatigue failure in an 
actual construction is shown in Fig. 
5. This fatigue failure is the result 
of additional stresses imposed upon 
the highly stressed areas adjacent to 
the studded end of stud. 

Obviously, any design changes that 
have the effect of distributing more 
uniformly the transfer of load from 
the stud to the aluminum wi!l serve 
to increase fatigue strength. Four 
general methods can be applied to- 
ward accomplishing this: 

(1) Hollow studs as shown in Fig. 
6; (2) studs in counterbored holes 
as shown in Fig. 7; (3) shouldered 
studs as shown in Fig. 3; and (4) 
improved thread forms as shown in 
Fig. 8. 

Hollow studs as in Fig. 6 have 
better fatigue life than conventional 
studs because of a better stress dis- 
tribution in the studs. Fatigue life 
of the assembly is also greater be- 
cause a better stress distribution is 
obtained in the metal surrounding 
the stud. 

Studs in counter-bored holes as 
shown in Fig. 7 also achieve a better 
stress distribution both in the stud 
and the metal surrounding it. Hence 
the fatigue life of assemblies using 
this type of studs will be greater than 
conventional assemblies. 

When shoulder studs are tightened 


the metal under the shoulder is pre- 
stressed in compression and the por- 
tion of the stud within the tapped 
hole is prestressed in tension. Such 
prestressing reduces the stress varia- 
tions with the application of loads. 
Consequently the fatigue life is in- 
creased. 

For any type of highly stressed 
studs Aircraft Materials Standard, 
AMS, calls for AMS 6317 steel or 
equivalent, or 0.4 to 0.5 C. heat- 
treated to 26 to 32 Rockwell C giv- 
ing about 120,000 lb. per sq. in. 
minimum yield point in tension. 

With reference to the design of 
joints, more than one dowel type 
stud should never be used for locat- 
ing the parts, otherwise the studs may 
bind. A soft gasket is often put be- 
tween the contacting surfaces in or- 
der to avoid fretting which pits the 
surface and gives rise to fatigue 
cracks. 

Ground threads are most accurate 
but precision rolling approaches them 
closely. Cut threads are acceptable 
on aircraft engines only if the rough- 
ness on the flanks of the threads is 
less than 130 root-mean-square micro 
inches, 

Studs are often plated to improve 
their corrosion resistance or serve as 
a metallic lubricant on rolled or cut 
threads. Before cadmium became 
scarce, it was common practice to 
plate studs 0.0001 to 0.0003 in. thick 
with this metal. Tin is about equally 
as good as cadmium but is even more 
scarce. Silver is now being tried. In 
the case of ground threads, the plat- 
ing serves only for corrosion resist- 
ance, the threads being ground after 
plating on the studded end of stud. 





Stud failures can often be traced 
tv improper tapping of the holes in 
the aluminum. The taps should be 
ground, have a positive rake on the 
cutting face and no relief. The point. 
ing of the tap should be done by ma. 
chine and not by hand. On machine 
tapping the lubricant used should be 
equivalent to Stewart No. 99 cutting 
oil thinned with kerosene, if it should 
be necessary. 

All threads in light alloys, such as 
aluminum or magnesium should be at 
least a class III fit. 

A new type of thread form, known 
as the AND or American National 
Dardelet. follows the standards of the 
American National Coarse Thread, 
the thread form being modified as 
shown in Fig. 8. The radius at the 
top of the thread is tangent to the 
flat top and to the flanks of the AN 
Coarse Thread profile. Only about 
the outer half of the AN Coarse pro- 
file is used, the threads having a wide 
flat bottom or root. These threads can 
be used in standard tapped holes after 
the holes have been reamed to re- 
move about one half of the threads 
or an AND tap has been run down 
the hole. In addition to making it 
easier to attain body fit in the tapped 
holes, the AND studs present a larger 
area resisting lateral motion, their 
root diameter is considerably larger 
than the AN standard bolts and studs, 
and the wide flat bottom reduces 
stress concentration at the root of 
the thread. 

Complete standards for AND 
threads are now being correlated and 
established in cooperation with the 
testing and engineering departments 
of aircraft manufacturers. 
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Fig. 6—Schematic diagram of stress distribution in aluminum surrounding hollow studded end of stud. Fig. 7—Arrange 
ment of stud in counterbored hole. Fig. 8—American National Dardelet Thread Form 
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Fatigue cracks starting at edge 
of drilled hole which was 
not rounded off 







Fatigue cracks 

starting from 
- scored walls of 
, the drilled hole 
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Drilling of even small holes through steel pins and other 
parts will cause failures if proper attention is not given to 
rounding off the edges or using a clean cutting drill, The 
illustration shows a good example of how a drilled hole 
should not be finished. Edges should be properly rounded 
and smoothly finished. Also the walls should be free from 
score marks. The slight coldworking of the surface when 
the drill does not cut smoothly will start fatigue cracks. 
Sharp edges of the drill holes will start fatigue cracks and 
result in the failure of the rod. 
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Pilet operated walve, shown at A, made with pilot 
plunger integral with valve piston was stiff and difficult 
to move. On examination it was found that the plunger 
had started to score. The design of the piston was changed 
as shown at B with separate pilot plungers; this proved 
to be satisfactory. Note how the elimination of the need 
for concentricity simplified machining of both the valve 
piston and the pilot cylinder. In the new design the male 
projection was eliminated. Many parts can be improved by 
redesigning them to be made as two or more pieces. 








Soft steel plug shown at A screwed 
into a relatively hard valve block and 
failed to make a hydraulic seal. In- 
vestigation showed a slight angularity 
between the threaded bore and the 
seat, with the result that the harder 

















edge at C was cutting a circumferen- 
tial groove into the plug. Hence it 
was impossible for the edges at D 











opposite to and slightly lower than C 
to contact the plug at all. A new 
hardened plug as shown at B was 
made with better results since the 
plug flattened down the edge at E 




















until contact was made at F opposite 











to and lower than E, thus making a 
perfect seal. 





PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes and 
Cures. Where illustrations are necessary, include 
drawings, rough sketches or photographs. 
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Common Types of Magnetic Brakes 
And Their Characteristics 


A. C, PRESCOTT 


Industrial Control Engineering Dept., General Electric Company 


Construction, characteristics, advantages, and limitations of some 
common types of magnetic brakes are briefly discussed. The 
article includes data on the selection of the proper type and size 


of brake for various industrial applications. 


OR maximum production it is 
essential that some means be 
provided for quickly stopping 
moving machinery, particularly ma- 
chines with high stored-energy loads. 
Many installations also require some 
means for positively holding the ma- 
chine when at rest to avoid injuring 
equipment or personnel, or to main- 
tain a positive alignment with other 
equipment. Some hoists when lowering 
an overhauling load require a retard- 
ing means for controlling the lowering 
speed. 
These functions can be accom- 
plished with manually operated 
brakes, or with pneumatic or hy- 


Brake Types and 











Characteristics 
Type and 
Brake | Suitability 
Characteristics 
Disk | Band | Shoe 
Heavy duty No Yes | Yes 
Adapted to motor] Yes | Smal!} Small 
mounting sizes | sizes 
only | only 
High torque No Yes | Yes 
Heat dissipation | Poor | Fair | Good 
Equal braking for 
clock-wise or 
counter clock- 
wise rotation Yes | No Yes 
Free releasing Yes No Yes 
Ease of adjustment} Good] Poor | Good 
Lining life Fair | Good| Good 














draulic devices; but for close coordi- 
nation and timing by means of the 
sensitive controls required to meet the 
fast duty cycles of modern production, 
the electro-magnetic brake is well 
suited and widely used. 

Some common types of brakes and 
their major characteristics are listed 
in the table. Magnetic brakes are 
usually of the disk, band, or shoe type, 
the latter being the one commonly 
used. They can be applied by a weight, 
spring, or a combination of weight 
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and spring. They can be released by 
a solenoid, clapper magnet, Thrustor, 
or torque motor. 

The disk type brake, shown in Fig. 
1, is compact and suitable for motor 
mounting or for building into the 
motor. Use of the disk brake, however, 
is limited to small sizes and to appli- 
cations where the duty is not severe. 

The band-type brake provides long 
lining and wheel life. Accumulative 
braking action in the direction of ro- 
tation, makes it somewhat self-apply- 
ing. The band and lining protect the 
wheel from water if present so that the 
braking action is fairly constant. On 
the other hand, it is difficult to raise 
the band clear of the wheel or to get 
equal braking in both directions of 
rotation. 

The shoe type brake usually has less 
area of contact with the wheel than 
does the band type, and requires 
higher pressures per unit area, but is 
readily raised clear of the wheel. 

Of the various means for applying 





brakes, the compression spring has 
come to be the accepted standard. 
Weights, because of the large amount 
of energy they store, result in over- 
braking and strains on gearing. Com- 
binations of weight and spring are 
likely to be expensive to manufacture. 
They have very slight advantage over 
the straight spring set combination 
which has little stored energy and 
which can be designed to have a low 
build-up. 

There is no standard arrangement 
or means for releasing brakes. 

For d.c. operation most manufactur- 
ers employ some form of clapper mag- 
net with a short travel and low inertia 
of the moving parts. Fig. 2 shows a 
clapper magnet brake on a motor 
which drives a milling machine. 

For a.c. operation, the solenoid has 
been quite extensively used but it is 
not entirely satisfactory, because as 
the brake lining wears, the solenoid 
gap increases. If the brake is not 
promptly readjusted, this gap may be- 
come so large that the solenoid will 
not pick up. A limiting stop is usually 
included to protect against such a 
failure. An a.c. solenoid also tries to 
destroy itself if braking torque is ad- 
justed downward, because impact 


forces are greatly magnified at the re- 


Fig. 1—Disk type magnetic brake mounted on a polyphase induction motor. Parts 
of the cover and of the brake are cut away to show construction 
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duced load. For a.c., the Thrustor, 
such as is shown in Fig. 3, provides a 
satisfactory means of operation since 
it does not subject the motor or con- 
nected load to shock, but gives a soft 
setting action. The Thrustor will not 
burn out even with maladjustment of 
shoe clearance. 

Frequently as a measure for com- 
paring the lining wear of two similar 
brakes, the pressure in lb. per sq.in. 
of lining area is used as a criterion, 
but this does not completely determine 
the relative lining life. Lining wear is 
a function of work done which in turn 
is determined by the pressure and the 
distance through which pressure acts. 

On two brakes designed to provide 
equivalent lb.ft. torque and to have 
the same pressure per sq.in. on the 
lining, but with different wheel diam- 
eters, the linings will not wear at the 
same rate even if the brakes are ap- 
plied on identical systems. 

All brakes of the same torque rat- 
ing should retard a given motor and 
load in the same time or in the same 
number of revolutions. Therefore, the 
true method of comparison is on the 
basis of torque per sq.in. of shoe or 
lining contact per unit of linear travel 
of wheel surface, say one revolution. 

For a brake in which the shoes span 
180 deg. of a wheel having a diameter 
of D in., a face of F in., for a coeffi- 
cient of friction f equal to 0.35 be- 
tween the wheel and lining, at a torque 
of T lb.ft., the pressure p in lb. per 
eq.in. of the lining against the 
wheel is 

_ 43.6T 
D°*F 
and the in.lb. per sq.in. per revolu- 
tion p’ is 





p’ = pfx 

If the angle of lining span can be 
increased and the dimensions of the 
wheel be maintained, obviously the 
work done per unit of area will be less 
and consequently the life of the lining 
will be increased. 

A brake using three rigid shoes, 
each spanning approximately the same 
arc as each shoe of a two-shoe brake, 
accomplishes the desired result of ob- 
taining long lining life. At the same 
time a three shoe brake can be readily 
designed to lift clear of the wheel and 
to provide practically the same brak- 
ing action for either direction of wheel 
rotation. With reduced wear of linings 
it naturally follows that the length of 
time between adjustments is increased. 

Required retarding torque is usually 
the determining factor in selecting the 
size of brake to use rather than lining 
wear or heating of the wheel. The 
formula commonly used to determine 
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Fig. 2—Three shoe, d.c., magnet brake on motor of milling machine. Clapper type 
magnet is inclosed in housing at left of brake 


a 





Fig. 3—Spring set, a.c., Thrustor brake. 


vertical cylinder at left of brake 


the retarding torque 7'p in lb. at 1 ft. 
radius is 
5,250 X Ap. 


T= Full load r.p.m. 





When a brake is to be applied on a 
duty cycle it is also necessary to con- 
sider other factors such as the time 
the motor operates at different speeds 
and the time the motor is at rest. 

Since the brake wheel has certain 
heat-dissipating abilities which depend 
on size, design, ventilation and speed, 
it is necessary to break down the duty 
cycle into units such as accelerating 


Thrustor motor is mounted on top of the 


lime, time at full speed, retarding 
time, and time at rest. From known 
data, usually determined by test, on 
the heat dissipation of the wheel the 
maximum hp. sec. for each unit of 
the duty cycle can be determined. The 
total of these values divided by the 
total length of the duty cycle in sec- 
onds gives the continuous hp. that 
can be dissipated by the wheel. For 
an ‘effective brake the continuous hp. 
that can’ be dissipated by the wheel 
should be greater than the stored en- 
ergy of the load, motor, and brake 
wheel over any complete duty cycle. 
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Advantages and Limitations 
Of Black-Oxide Coatings 


MARK WEISBERG and EDWARD A. PARKER 


Metal Finishing Department, Alrose Chemical Company 


War conditions have restricted plating metals to vital uses, but 
chemical baths for finishing ferrous metals have filled the gap 
nicely. The oxide baths for blackening iron and steel are here 
described in general and the results of recent tests are given. 
Black-oxide coatings adhere readily and make good foundations 


for lacquer or enamel coatings. 


LACK-OXIDE COATINGS pro- 
B duced by immersion in chem- 

ical oxidizing baths have been 
used increasingly in the past few 
years to substitute for strategic finish- 
ing metals because such a finish pro- 
duces a black, non-reflective, wear- 
resistant and corrosion-resistant sur- 
face and because the finish is an excel- 
lent base for clear lacquer finishes on 
ferrous metal parts. Simplicity of proc- 
essing equipment, reduction of treat- 
ment time over older methods, in- 
creased production and lower costs 
are other important reasons for 
greater use of these coatings. 

In the past, black finishes on fer- 
rous metals have been produced by 
methods which include mechanical 
treatments involving dipping, spray- 
ing, or brushing with lacquer, enamel 
or japan; thermal treatments involv- 
ing heating under varying conditions 
of temperature, humidity and time; 
electrolytic treatments involving an- 
odic oxidation in alkaline solutions; 
and chemical oxidizing agents, usually 
in aqueous media. The last method is 
the most recent and has given the best 
results from many standpoints. 

All of the oxide proprietary proc- 
esses now on the market entail either 
one or two baths and use the same 
controls and salts. The principal in- 
gredient is sodium hydroxide and the 
other essential materials are nitrates 
or nitrites, or mixtures of these. Use 
of different proportions accounts for 
the various recommended operating 
temperatures. 

One of the principal uses for black- 
oxide coatings is as a base for paint 
or enamel. This is because of their 
rust inhibition during storage between 
treating and painting, ability to with- 
stand alkaline cleaners and little or 
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no decrease in flexibility or resistance 
to forming operations. 

Metals coated with black oxide may 
be resistance- or spot-welded. The 
coating will not chip, peel, crack, 
crumble or dust off, even on bending 
or cutting. There is no dimensional 
change resulting from the treatment. 
Measurements made with precision 
gages before and after treatment in- 
dicated no change within the 0.00002- 
iu. accuracy of the gage. 

Measurements of surface hardness, 
using a Rockwell machine, B scale, 
low-carbon steel, indicate that the 
change is limited to + one unit. 
However, an increase in toughness, 
especially in all types of cutting and 
lathe tools, was apparent. Not only 
was the life of the tool per grind pro- 
longed, but the number of grinds per 
tool was increased. This property was 
still present even when all traces of 
the black-oxide finish had disappeared. 

All black-oxide coatings are less 
than 0.0002 in. thick and are slightly 
porous, as indicated by the rapid fail- 
ure in salt spray or outdoor expos- 
ures in wet weather. Thus, for most 
uses other than very mild indoor 
environment, supplemental coatings, 
such as oils, waxes, lacquers or paint, 
must be used. 

As in all metal-finishing operations, 
a clean surface is necessary for uni- 
form coloring action. Experiments, us- 
ing a Taber abraser to measure wear 
resistance, have shown that as the 
cleaning procedure is improved, the 
penetration or wear resistance in- 
creases. The preliminary cleaning 
cycle varies greatly with the degree 
of contamination, and the volume of 
the soil to be removed. Solvent de- 
greasing or swabbing are sometimes 
used to remove heavy lubricants and 


drawing compounds. Less heavily con- 
taminated surfaces require only an 
electrolytic or an immersion alkaline 
cleaning. A mild-acid dip is needed 
only in special cases. For the ma- 
jority of work an alkaline cleaning 
followed by a water rinse is adequate. 
In special cases it is good practice 
to predip the work in a weak solu- 
tion of the salts or reclaim solution 
before entering the coloring bath. 

The one-bath, or the first bath of 
a two-bath, system contains approxi- 
mately 55 percent salts and boils be- 
tween 285 and 300 deg. F. Each bath 
has approximately a 5-deg. optimum 
range and varies with the composi- 
tion of salts. The main control on 
the coloring action of the bath is the 
boiling temperature. If the bath boils 
below the recommended temperature 
range it is necessary to add more 
salts; but if the bath does not boil 
when the temperature is in the opti- 
mum range, the bath is too concen- 
trated and water or dilute salt solu- 
tion must be added slowly and 
uniformly until the recommended boil- 
ing range is reached. Too low a boil- 
ing point will produce no color or a 
light blue color, and too high a boil- 
ing temperature will produce, first, 
yellow streaks and then a mottled yel- 
low and red appearance over the 
black oxide. 

The second bath of a two-bath sys- 
tem is the same except that it is 
more concentrated. The salt content 
is approximately 62 to 64 percent 
and the solution boils at 310 to 315 
deg. F. The remarks on the effects of 
variations in optimum boiling point 
mentioned above hold for this bath 
also. When a two-bath system is used, 
the articles must be removed from 
the first bath at the end of a specified 
time and immediately placed in the 
second bath. It is essential that the 
transfer time be as short as possible, 
or there will be little advantage in 
the use of the second bath. 

Differences in the effect of the one- 
bath and two-bath system have been 
demonstrated by using a Taber 
abraser to measure penetration oF 
wear resistance, salt-spray tests of 
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Fig. 1—Comparison of wear resistance, or penetration, of one-bath and two-bath systems using a Taber abraser. Temperature 
of one-bath system, 290 deg. F.; temperature of two-bath system, 290 deg. F. for 5 min. in first bath, variable time at 315 
deg. F. in second bath. Fig. 2—Comparison of protective value of oiled black-ox:de coating by one-bath and two-bath sys- 
tems. Temperature of one-bath system, 290 deg. F.; temperature of two-bath system, 290 deg. F. for 5 min. in first bath, vari- 
able time at 315 deg. F. in second bath. Fig. 3—Effect of surface hardness of steel on wear resistance of two-bath oxide 
coatings, SAE 10/10 cold-rolled finished steel; first bath, 5 min. at 285 deg. F.; second bath, 15 min. at 310 deg. F. 





Fig. 4—Automobile-fender enamel salt-spray tested for 375 hr. 
black-oxide base, right. Rusting was quite evident on plain-steel base after 68 hr., became progressively worse with con- 
tinued exposure and there was some lifting of the enamel. Thn-steel base after 68 hr., became progressively worse with con4 


Plain-steel base, left, phosphate-spray base, center, and 








oiled panels and stripping meth- 
ods and microscopic measurements 
to determine penetration. The one- 
bath system has gained  wide- 
spread acceptance because of its 
lower cost—both first cost and opera- 
tional cost—and the saving in time. 
This has been largely because sufh- 
cient coloring action will take place 
in a one-bath system on work made 
from mild, low-carbon steel. 

In the one-bath system, consistent 
results are obtained only when steel 
of the same composition and degree of 
hardness is used. If some parts are 
small and have undergone severe cold 
work in stamping operations, they 
may not color under the usual oper- 
ating conditions. In some cases, oper- 
ating the bath at a higher temperature 
and for a longer time will color these 
pieces. However, on a large scale it 
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may be impracticable to operate at 
two different temperatures and treat- 
ment times. The two-bath system, with 
its additional coloring power in the 
second bath. thus tends to equalize 
the differences found in a one-bath 
system. In general. the two-bath sys- 
tem is capable of producing twice 
the penetration. wear resistance and 
salt-spray resistance of the one-bath 
method. 

Following the blackening treatment. 
all work should be dipped in a still- 
water tank in order to reclaim 
dragged-out coloring salts. This 
should then be followed by a thor- 
ough rinsing. preferably by a com- 
hination of spray and immersion. Sub- 
sequent steps will vary. depending 
upon whether the colored surface is 
to be lacquered. oiled or left plain. 
In some cases the objects are rinsed 


in hot water and dried. The addition 
of a small amount of soap to the hot 
water helps in the drying and affords 
some additional protection. A small’ 
amount of sodium chromate added! 
to the hot water also improves the 
protective value of the coating. If the: 
parts are to be lacquered, enameled 
or japanned, following adequate cold- 
water rinsing, they should be neutral- 
ized in a solution of 0.4 percent (0.5 
oz. per gal.) chromic acid prior to 
rinsing in hot water and drying. 
When a supplemental oil film is re- 
quired, the work may be taken directly 
from the rinses into a hot soluble oil 
of suitable composition and concen- 
tration and then allowed to drain 
and dry. The soluble-oil concentra- 
tion must be controlled if uniform 
results are desired. Furthermore, it 
has been found that unless prelim- 
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inary rinsing is adequate the soluble 
oil will build up with alkali salts, 
which will lower the protective value. 
{t is important, therefore, to replace 
the soluble oil with reasonable fre- 
quency. 

Oiling should be done as soon as 
possible after treatment. With soluble 
and water-displacing oils it is not 
necessary to dry. Other oils which will 
not tolerate water can be dried 
quickly with alcohol before oiling. 
Many experiments have shown that 
after the panels have dried for several 
days the salt-spray resistance is much 
less because the porous nature of the 
black-oxide coating is reduced by ex- 


tended periods of atmospheric drying. 

Increasing amounts of carbon in the 
material being cooled generally have 
very little effect on the coloring power 
of these baths until the cast-iron range 
is met. Some cast irons will take a 
good color, and others will blacken 
very nicely if treated only in a one- 
bath system. Still others will develop 
red stains which, on rubbing down 
with oil, will leave an excellent black. 
In all cases, there is some black smut 
produced along with the adherent 
black deposit. A 15- to 30-min. pickle 
in hydrofluoric acid is always helpful 
it the cast iron has not been machined. 
High-carbon steels and malleable 


Table I—Rubbing Tests of Black Oxide and Bright Steel as a 
Basis for Supplemental Coatings 





Coating 


First Appearance of Rust, 
hours in salt spray to reach 
an average rating of 4.0 for 
three panels. 


Bright Steel 





Black Oxide 








Oil Films 

Soluble oil, 50 percent emulsion................... 6 27 
Soluble oil and additive agent, 50 percent emulsion. . 6 100 
Soluble oil and grease, 50 percent emulsion......... 15 330 
Solvent oil, rust inhibited........................ 4 140 
Solvent oil and grease, rust inhibited.............. 23 350 
Solvent oil, oxidized waxes....................... 4 36 
Dry, Hard Film 

al 2 12 
ik oso -c won cd cn omasn wee’ 4 6 
Beeswax and lanolin in solvent................... 4.5 18 
Lacquer type, water dip......................... 0.5 6 
ND OE re 4.5 12 
lil a § 24 
Varnish type, acetylene derivative................ 36 39 





Additive agent was 2 percent of the soluble oil and is a commercial 
rust inhibitor. Rust-inhibited solvent oils were commercial products. 





Table II—Comparisons of Several Types of Oils and Waxes Used 
for Supplemental Protection on Black-Oxide Surfaces 











First Appearance of Salt-Spray Rating, 
Oil Type Rust, hr. hr. 
Edge Face 4.0 3.0 
A Mineral oil, 100 viscosity......... 0.5 0.5 0.5 2 
® A pee iebiitor................. 3 6 5 9.5 
C A plus compound................ 4 15 10 23 
D Sperm, fatty acid................ 5 12 13.5 26 
E Solvent, lanolin................. 5 20 16.5 25 
F Solvent, polar type.............. 12 23 22 31.5 
G Solvent, oxidized waxes.......... 6 12 10 23 
H Solvent, oxidized waxes.......... 6 20 23 34 
I Solvent, water displacing......... 80 136 138 188 
J Solvent, oil and grease........... 259 307 350 480 
K_ Soluble oil, 50 percent mix........ 16 20 24 37 
L_ Soluble oil, 50 percent mix plus oily 
isk tack nina nom bunisn 70 155 100 210 
M Soluble oil, 50 percent mix plus 
MEE ares gio od 6 wis Sik a 6 200-400 300-500 300 500 
N Wax-water emulsion............. 12 15 12 18 
O Lacquer, water dip.............. 3 9 5 10 
SS ere 12 21 12 24 
gn cc awscccee cs 12 35 12 2 
6 EL ona ah uw earn doh oe 15 47 18 42 





With the exception of the wax and air-drying lacquers, the oiled black-oxide panels 
were allowed to dry overnight before placing in salt spray box. 
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irons, however, will take excellent 
black finishes. 

Laboratory experiments with a 
modification of the normal steel-col- 
oring bath produced similar gray- 
blacks on cast irons with some loose 
black smut at temperatures as low 
as 250 deg. F. If these coatings are 
then oiled, preferably with a hot sol- 
uble oil, a black, lustrous coating is 
obtained. This same bath operated 
at 320 deg. F. will produce an excel- 
lent brown on mild steel in 5 to 15 
min. This surface has a greater salt- 
spray resistance than the usual black- 
oxide coatings. Oiling this surface will 
also give much more protection than 
correspondingly oiled black-oxide sur- 
faces. Another method blackens cast 
iron by the immersion deposition of 
a metallic oxide at 210 deg. F. in 
5 to 15 min. but this bath will not 
produce adherent black deposits on 
mild steel. 

Increasing the hardness of a steel 
decreases the coloring power and 
penetration of these baths. Many of 
the oxidizing agents will not color the 
harder of the low-carbon steels, and 
a two-bath procedure is therefore nec- 
essary. 

The presence of chromium, at least 
in small amounts, has no detrimental 
effect on the coloring action of an 
alkaline oxidizing bath. On the other 
hand, the presence of nickel, even in 
amounts of 1 percent, will effectively 
prevent any coloring action. Increas- 
ing the manganese content of mild 
steel, such as in screw stock, intensi- 
fies the coloring action of this type of 
bath. Molybdenum also has a similar 
effect. 

Non-ferrous metals are injurious to 
the life and coloring action of the 
bath. Copper in concentration of less 
than 0.1 percent leaves an almost in- 
visible film of red colloidal copper 
which is noticed only when the article 
is rubbed. Use of a dilute cyanide dip 
or a hot soluble-oil emulsion dip will 
remove this film. However, as the cop- 
per content builds up in the coloring 
bath, because of baskets that are 
made of copper or brazed-iron wire, or 
similar factors, the film becomes 
heavier and, finally, at approximately 
1% to 1 percent, red adherent streaks 
appear. The excess copper may be 
removed with activating salts or inhib- 
itors, such as Alrose Inhibitor CU. 
If steel articles to be blackened are 
piated with tin, cadmium or zinc 4 
very violent action occurs on immer- 
sion in the bath and streaky coloring 
results. 

Results of tests made of steel plates 
coated by various processes and oiled 
and lacquered or painted are shown 
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in the accompanying tables and illus- 
trations. Each test plate was rated, ac- 
cording to the system given below, 
at each observation period and the 
results averaged for all plates. These 
values were then plotted against hours 
in the salt spray and extrapolations 
made to values of 4.0, initial rusting, 
and 3.0, slight rusting. The ratings 
are: 

5. Perfect—no rust. 

4. One spot of rust. 

3. Two spots of rust or one spot 
larger than ¥% in. dia. 

2. One to 5 percent of area covered 
with rust. 

1. Five to 30 percent of area rusted. 

Salt-spray ratings, at best, are not 
too exact. Therefore too literal an 
interpretation of salt-spray hours is 
not justified. It is in recognition of 
this fact that specimens treated with 
a “standard” oil film of known pro- 
tective value are frequently used as a 
blank with each series of tests in order 
to make reasonable comparisons with 
previous data. 

It is frequently argued that if a 
salt-spray rating of 50 hr. is claimed 
for an oiled-oxide coating on steel, 
the coating should be equivalent to 
any metallic coating with a similar 
rating. There is a fallacy involved in 
this reasoning because the metallic 
coating is not as subject to injury by 
ordinary handling as a supplemental 
oil film may be. In this connection it 
should be pointed out that where an 
oil film is specified over a black-oxide 
coating it is frequently expected that 
the film will be replaced by regular 
oiling to protect the surface. 

In general, oils on bright-steel pan- 
els seemed to have very little adhesion. 
In rubbing tests much more of the oil 
was removed and many spots were left 
bare. Salt-spray tests on similar pan- 
els which were not rubbed showed the 
same general tendency of greatly de- 
_ protection on bright-steel pan- 
els. 

The oils containing greases proved 
to be the most resistant to salt spray, 
although several of the rust-inhibited 
soluble and solvent oils gave excellent 
results. From the general summary of 
various types of oils and waxes in 
Table II it can be seen that the dry, 
hard-finish type, whether wax or 
lacquer, was badly corroded in 48 hr. 
These finishes almost always fail badly 
on the edges first, and then the corro- 
sion extends fairly rapidly toward the 
center of the panels in the second 
24 hr. 

The following finishes were tested 
several years ago in another labora- 
tory: three types of enamel—automo- 
bile fender, synthetic-resin furniture 
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Table I1]—Comparison of Enamel Coats on Plain Steel and Two- 
Bath Black-Oxide Coated Steel Salt-Spray Tested for 52 hr. in 
20 Percent Brine at 90 deg. F. 





Coating 


Plain Steel 


Black Oxide 





Automotive japan, two coats, baked 


Refrigerator finish, three coats, 
baked 


Phenol-plastic type, one coat 





1/8-in. 
3/16-in. failure at bot- 
tom; some paint off. 

1/4-1/2-in. failure each 
side of scratch. One 
edge and bottom com- 
plete failure; 40 per- 
cent paint off. 

Very serious failure at 1/16-1/8-in. failure 
scratch and edges; 50 
percent paint off. 


scratch failure; 


at scratch; small 
amount at edges; 
no serious failure. 








Fig. 5—Synthetic-resin refrigerator enamel subjected to 1,600 hr. in humidity cabi- 
net and then tested at 24 in. on Erickson impact machine. Phosphate-spray base, 
right, and black-oxide base, left. Lower views are magnifications of sections of 
upper views. Fracture of the phosphate-spray base piece began to appear at a 
height of 5 in. Stretched appearance of black-oxide base appeared at 20 in. 


and synthetic-resin refrigerator—en- 
amel were studied on three types of 
basis panels—plain steel, phosphate- 
spray coated and 5-min. black-oxide 
coated. The phosphating and enamel- 
ing were done in plants where those 
particular enamels are used daily. The 
panels coated with the first two en- 
amels were scratched with a stylus and 
salt-spray tested at 68 to 70 deg. F. 
The results on the automobile fender 
enamel after 376 hr. in the salt spray 
are shown in Fig. 4. 

In the case of the plain-stee] base, 
the edges of the enamel were lifted 
and a multitude of hair-line blisters 
extended in all directions. This condi- 


tion was first noticeable after 450 hr. 
and became progressively worse. This 
is typical of rust creepage with enam- 
els. The black-oxide base shows only 
occasional evidence of lifting and 
there is an absence of hairline blisters. 

Another set of experiments was 
made using a black-oxide base with 
a single coat of lacquer. When 26- 
gage samples were bent to 180 deg. 
over a Yg-in. mandrel, most lacquers 
were satisfactory at 77 deg. F., but 
when the test was performed at 0 deg. 
F. most of the lacquersbroke. Most 
lacquers stood up satisfactorily also 
when immersed in 10 percent sodium 
hydroxide at 77 deg. F. for 72 hours. 
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FIG, 4 — Chain-driven conveyor hooks 
move articles through plating bath 
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Pat Mo. 2/428. 


Canvas buckets 
tilt to discharge 





Conveyors may be divided into two classes: those 
that are a part of a machine used in processing 
a product and those that are used to move prod- 
ucts, which are in various stages of fabrication, 
from one worker to another or from one part of 
a plant to another. For the most part the accom- 
panying group of conveyors are of the first class 
and are elements of machines taking part in 
processing various articles. Both continuous and 
intermittently moving equipment are illustrated. 
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FIG. 3—Co-acting cams in paths of follower rollers 
open and close tongs over bottle necks by wedging action 
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FIG. 5 — Rotating disk carries food cans in spiral path 
between stationary guides for pre-sealing heat-treatment 
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FIG. 6 — Cable-driven conveyor 
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Impact Loads Determined 


By Brinell Technique 


L. D. HAGENBOOK 


Assistant Chief Engineer, Goodman Manufacturing Company 


A practical means of measuring the force of an impact load, 
which employs the principle and method of the Brinell hardness 
tester, has been developed. The method avoids the difficulties or 
impasse of spring devices and employs a familiar technique and 
equipment. Its small size is also an important advantage in direct 


use on operating machines. 


HE determination of impact 

loads has long been a problem 

of great interest. A practical 
means of measuring the force of an 
impact load and at the same time a 
handy method of measuring any kind 
of load either static or dynamic has 
now been worked out. 

Ordinary load measuring methods 
involving the use of springs fail com- 
pletely to measure suddenly applied 
load. If a device employed to meas- 
ure an impact load uses a spring, 
there will be one or two things hap- 
pen which will destroy the results. 
The resilience of the spring will 
cushion the shock and thus dissipate 
the force to be measured, or else 
there may be excessive over-travel 
of any indicator device that is used 
to read the load. 

To avoid these difficulties, the 
method must have a very short but 
accurately measurable travel when 
resisting the load. The plastic de- 
formation of metal may be used for 
this purpose. It may take the form 
of small cylinders of copper or other 
metal loaded on the ends. If the load 
is sufficient, the cylinder is perma- 
nently shortened. This deformation 
can then be compared with a cali- 
bration curve for cylinders of that 
exact size and material, and the im- 
posed test load thus found. 

While this meets the theoretical 
requirements it presents some prac- 
tical difficulties. The cylinders must 
be made accurate in dimensions and 
uniform im material. A new calibra- 
tion curve has to be made for each 
lot of cylinders if there is any chance 
of a change in material. Also the 
cylinders have to be measured accu- 
rately before and after loading, and 
the original length positively iden- 
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tified with the proper cylinder. 

The principle of the Brinell hard- 
ness tester can be used, however, and 
the method not only satisfies the the- 
oretical requirements but is simple 
in operation. If a hard steel ball is 
pressed against a flat metal surface 
with sufficient pressure, a perma- 
nent indentation will be made. It has 
been proven that for any one mate- 
rial, there is a reliable relationship 
between the diameter of the ball, the 
diameter of the impression and the 
pressure required to make the impres- 
sion. This relation is expressed in the 
formula for the Brinell hardness, 
which is 


H =P 7 (D- VE @) 


where P = imposed load, in kilograms 
D = diameter of spherical indentor, 
in millimeters 
d = diameter of resulting impres- 
sion, in millimeters 


When a ball of any size makes an 
impression on a material, the load 
that was required to make that im- 
pression can be found by producing 
a like impression with a Brinell ma- 
chine on the same material and ap- 
plying the known load, ball, size, 
and diameter in the above equation. 

In applying this principle the load 
to be measured is transmitted through 
a hardened steel ball to a flat steel 
plate or block of known Brinell hard- 
ness number. The diameter of the 
resulting impression together with the 
ball and the Brinell hardness num- 
ber of the block are then used to 
calculate the load imposed on the 
system. 

There are a number of advantages 
of this system: 


1. The technique and procedure is 
familiar because nearly every plant 


has a Brinell hardness tester. 

2. The impression is a permanent 
record, which can be read at leisure, 
thus avoiding such difficulties as mak- 
ing readings on the fly. No previous 
condition of the impression block 
need be known except that it was 
flat. 

3. Calibration of 
eliminated. 

4. Impacts can be measured because 
the system absorbs a_ negligible 
amount of energy, and is reasonably 
free from the effects of the time du- 
ration of applying the load. Since it 
is also free from inertia of indicator, 
there is no overtravel to contend with. 

Tests made by the author with a 
Brinell machine to measure the effect 
of time duration on steel of 200 hard- 
ness or better have yielded negative 
results. There was never any meas- 
urable effect of time. This seems rea- 
sonable, considering the absence of 
creep in steel at these Brinells. 

5. A number of loads can be ap- 
plied on the same set-up, and the 
resulting impression will be that of 
the largest load sustained. 

6. The ball and block constitute 
a small unit that can be placed in 
positions where there is insufficient 
space for the usual weighing means. 
Such units can often be placed di- 
rectly in a machine at suitable load 
sustaining points and actual operat- 
ing conditions measured. Thus steady 
loads that are ordinarily inaccessible 
can also be measured. 

Fig. 1 shows a unit constructed to 
measure an impact load by this 
method. It consists of a cup, a steel 
ball, a retaining ring, and an impres- 
sion block. In designing such a set, 
it is well to estimate the load to be 
sustained so that the approximate 
size of the ball can be determined 
by the following formula: 


| 
a 
D =4; ——*— 
\ 43,000 
where D = diameter of ball in inches 


P, = estimated load to be meas 
ured, in pounds 


instruments is 





This will result in an impression 
whose diameter, d, will bear the same 
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proportion to the ball diameter D as 
the impression made on a Brinell ma- 
chine with a 3-kg load bears to the 
10-mm. Brinell ball. Keeping some- 
where in the neighborhood of this re- 
lation will insure more accurate re- 
sults. If the resulting ball size is too 
large, two or more symmetrically 
placed balls can be used, their size 
being computed on the basis of a 
portion of the load. 

Suppose the load to be measured 
is estimated at 100,000 lb. 


D -1 100,000 _ 1 59 in. dia. 








43,000 

A ball between 13¢ in. and 15% in. 
diameter would do very well. But if 
this is too large, it could be replaced 
by two balls of 1% in. diameter, or 
3 balls of 7% in. diameter or 4 balls 
of 34 in. diameter. This method of 
choosing the size of balls will give 
good results and serve as a starting 
point, although considerable devia- 
tion is possible without affecting the 
accuracy appreciably. In fact, two or 
two and a half times the load indi- 
cated can be sustained with reason- 
able accuracy. It should be noted 
that by using balls % in. diameter 
and under, the diameter of the im 





used if the nature of the test requires 


pression generally can be read with 
the use of a standard Brinell glass. 

After determining the size of the 
ball the other parts can be propor- 
tioned. The diameter or smallest di- 
mension of the impression block 
should be about three times the ball 
diameter, and the thickness should 
be not less than the ball diameter. 
These proportions will insure against 
flow of metal beyond the original 
boundaries of the impression block. 

The material for the block should 
be a hot rolled steel with a Brinell 
hardness between 150 and 300 and 
the surface to be impressed should 
be a flat finish. The material is best 
cut from rolled plate rather than 
taking a cross-section of a large bar 
because the metal in a bar is softer 
toward the center and it may be diffi- 
cult to be sure of the hardness at the 
place the impression has been made. 

In order to prevent the ball from 
rolling while an impression is being 
made, a close fitting retainer should 
be constructed to hold the ball in its 
place. This retainer must be thin 
enough that it will not prevent full 
load being taken on the balls; some- 
thing over half the diameter of the 
balls, to insure contact with the great 


"ee 


Fig. 1—One form of retainer, impression block, and cup. 
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circle. A thickness of 75 percent of 
the ball diameter will generally be 
satisfactory. 

One form of retainer and impres- 
sion block is shown in Fig. 1, but 
other shapes are readily made to suit 
the nature of the test. The cup is a 
simple case constructed to hold the 
retainer and the impression block 
central with each other. 

After a test impression has been 
made, Brinell readings are taken on 
the block. These should be as near 
the test impression as possible with- 
out getting into disturbed metal. By 
averaging three or four of these 
Brinell numbers, the hardness of the 
block can be determined. 

The diameter of the test impres- 
sion is next measured, and the load 
which was sustained by the test bal) 
can be calculated by the formula 
Pinlb = 2 H [pw nd pa) 


where H = Brinell hardness number of 
block 
D = diameter of test ball in mm. 
d= diameter of the impression 
in mm. 

If D and d are measured in inches, the 

formula becomes 
P = 2,235 H[D(D — VD? — #)) 

To obtain good results this calcula- 
tion must be done accurately. The 
accompanying alignment chart will 
give close results however. This chart 
has been made for l-in. ball, but 
conversion to any other size ball is a 
simple slide rule operation as noted 
on the chart. The impression diam- 
eter is shown in millimeters because 
of the possibility of reading it with 
a Brinell glass. 

To illustrate the use of the system 
in determining impact: the shock load 
sustained by a final drive chain to 
the caterpillar of a power shovel 
when the tramming clutch is engaged 
sharply was determined. The chain 
driving sprocket was removed and an 
arm keyed in its place. This arm car- 
ried at its outer end a cup fitted to 
hold a suitable impression block and 
steel ball. A pad was arranged on 
the base casting upon which the load 
was reacted. The ball and plates 
were clamped lightly between the 
arm and the pad to prevent a ham- 
mer blow which would not occur in 
actual operation. The clutch was then 
engaged sharply, thus making an 
impression on the plates that gave a 
measure of the shock torque on the 
shaft. 

In another instance it was desired 
to find the loads imposed on the 
turntable and boom of the tunne) 
mucker in Fig. 4, when the bucket 
was returned rapidly from the dump- 
ing position. Two units were made 
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with l-in. balls and placed on the 
circular platen or turntable, as shown. 
The boom was then handled as by a 
careless operator. The resulting loads 
indicated by the impact testers were 
used to calculate the stresses set up 
in the turntable. By applying appro- 
priate laws of inertia, the loads and 
stresses in the boom and bucket were 
also calculated. Such tests are valu- 
able in supplementing calculations 
based on static conditions. 

It is true that some energy is used 

in making an impression. Although 
this is small, it may be objectionable 
in some instances. If so, the most of 
it may be eliminated by taking the 
impact through the ball a second or 
even a third time. After the first or 
second impact, the final impression 
is a measure of the load without the 
cushioning effect of the plastic defor- 
mation. 
’ Although this eliminates energy 
absorption by plastic deformation, 
there will remain an elastic defor- 
mation that cannot be eliminated. By 
repeating the impact on the same 
unit, the plastic deformation caused 
by ‘the first impact will have been 
eliminated and the actual force ap- 
plied will be higher than the first 
time. This will cause proportionately 
greater elastic deformation but a con- 
siderably reduced plastic deforma- 
tion. Usually neither of these two de- 
formations absorb enough energy to 
be significant. However, an idea of 
their magnitude is illustrated by the 
following: 

The energy of the plastic deforma- 
tion is equal to the final load multi- 
plied by half the depth, h, of the inden- 
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Fig. 4—Loads and stresses resulting from impact of the boom on the turntable of 
this tunnel mucker were determined by placing two impact units so as to receive the 


blows on the boom’s wearing pads 


tation. This is true because the load 
is proportional to the area of the 
indentation, which is equal to Dah. 
The depth, A, appears in the load 
formula as 

D-VD— @#&) 


9 
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An expression for the energy of 
plastic deformation can be found. 

E= {Poh 

h = (D-VD? — #/2 

E = 2,235 HDS 2héh in. |b. 
Integrating and substituting for h: 

E = 559 HD (D —VD? — @)? 


If the unit is being used for the 
first time, a new indentation will be 
made in the cup as well as on the 
impression block, and the above en- 
ergy is doubled. The energy of elas- 
tic deformation cannot be so com- 
puted and a simple test on a unit 
with a 1%-in. ball was made. An im- 
pression of 0.3 in. diameter was pro- 
duced, which indicated a load of 25.,- 
600 lb. and a depth of indentation of 
0.05 in. This gives 640 in. lb. of 
energy. 

By means of micrometer readings 
the elastic deformation was measured 
as the load was released and was 
found to be 0.019 in. This gives an 
energy of elastic deformation of 243 
in. lb. The 640 in. lb. can be elim- 
inated by repeating the impact, but 
the 243 in. lb. cannot be eliminated 
and will actually increase slightly. 

If the energy causing the impact 
is known, the load that would have 
been produced without energy ab- 
sorption in the unit can be estimated. 
Thus the load as calculated by the 
indentation can be multiplied by the 


ratio of the total energy to the total 
energy minus the energy lost in the 
unit. 

To further illustrate the mathe- 
matics involved in this method, sup- 
pose an estimated 100,000-lb. load 
is to be measured with 3%-in. steel 
balls. Impression blocks having about 
200 Brinell hardness were made. 
After the impressions were made in 
actual test, the Brinell hardness was 
taken at two points near each test 
impression, and the hardness number 
stamped on the block. These numbers, 
together with the diameter of the im- 
pression in millimeters, are as fol- 
lows: 

Ball No. 1, d = 8.1; 

Brinell No. = 201 and 207 
Ball No. 2, d = 8.5; 

Brinell No. = 223 and 217 
Ball No. 3, d = 8.7; 

Brinell No. = 212 and 217 


The loads sustained can now be 
calculated from Equation (2) or, by 
simple conversion, the alignment 
chart can be used to get the loads. 


Converting to 1 in. dia. for chart 


Ball No. 1; 2= 8.1 X 8/7 = 9.25; 
average Brinell No. = 204 

Ball No. 2; d = 85 X 8/7 = 9.7; 
average Brinell No. = 221 

Ball No. 3; d= 8.7 X 8/7 = 9.9; 
average Brinell No. = 214 


From the chart for a 1-in. ball, the 
loads are 


No. 1; 31,500 Ib.; 

P, = 31,500 X (7/8)? = 24,100 lb. 
No. 2; 37,500 lb.; 

P, = 37,500 X (7/8)? = 28,700 Ib. 
No. 3; 38,000 lb.; 

P, = 38,000 X (7/8)? = 29,100 lb. 


Total load = 71,900 lb. 
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Factors to Be Considered 


When Designing Die-Castings — I 


DVANTAGES of die-casting over 
sand castings, and the merits 
of the several alloys available 

for making die-castings, were dis- 
cussed in Part I of this article in the 
April, 1943 number of Propucr En- 
GINEERING. Eleven rules for simplify- 
ing the design of the dies and neces- 
sary cores are now to be described. 


Rute 1: Size of Castings: Keep size 
at a minimum consistent with other 
requirements. 

Generally, the smaller the size, the 
lower the cost of both die and piece. 
Size should never be greater than can 
be readily cast in the equipment avail- 
able. There are cases, in which a sin- 
gle large piece costs less than two 
smaller ones cast separately, providing 
shape is not unduly difficult to cast. 
There are many cases in which com- 
bination dies (having more than one 
cavity of different shapes) or multiple- 
cavity dies (having two or more dupli- 
cate cavities) are most economical. In 
such instances, parts of minimum size 
may make it possible to gain a given 
production more rapidly and/or with 
lower die cost than otherwise, again 
favoring the smaller size of casting. 


Rute 2: Section Thickness: All sec- 
tions should be of minimum thickness 
consistent with reasonable ease of cast- 
ing and with adequate strength and 
itiffness. 

Not only do thinner sections require 
less metal, but the rapid chilling of 
the metal in contact with the die walls 
produces a thin skin of metal that is 
appreciably stronger than the interior 
metal which cools slower, and there- 
fore has a less favorable grain struc- 
lure. Thicker sections also tend toward 
porosity. Hence, the metal in thin sec- 
tions which cools more rapidly has a 
higher average strength than metal in 
thick sections, and dies can be opened 
sooner. Thin sections usually have a 
moother surface which is a special 
advantage if the surface is to be 
plated. 

For equal strength or stiffness, thin 
sections reinforced with ribs weigh less 
than unribbed sections. It is essential, 
however, that sections are not so thin 


that the die cavity cannot be filled - 
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HERBERT CHASE 


In the first of three articles on die-castings, a comparison was 
made of the composition and properties of alloys used for mak- 
ing die-castings. Rules for the design of cores are presented here- 
with. while in the concluding and third article of the series, the 
design rules will cover threads, gears, inserts, and combination dies. 





Fig. 1—Light-weight magnesium alloy die-castings designed primarily for aircraft 
applications. These parts are average for size of castings produced 


Aluminum Company of America 
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FIG.3 














Fig. 2—In this carburetor part, M shows the metal saving cores. The ends of a sand blast bronze insert are marked a, 
b, and c; K shows holes formed by core pins; holes P and Q are made by movable core pins parallel to die parting. 
Fig. 3—Die-cast vacuum cleaner housing where cores, made in several pieces, form an undercut; a is central core, j 
separate core supported by die, while the other letters of the sectional drawing show knockouts 


completely. Where a die is made for 
a given desired section thickness, and 
this proves too thin, thickness is 
easily increased by grinding the die- 
cavity. If the section is made too 
thick at the start, correction is not 
easy, for the die must be rebuilt. 


Rute 3: Uniformity in Section Thick- 
ness: Make sections as nearly uniform 
in thickness as related features per- 
mit, and where variations in thickness 
of section are necessary, make a grad- 
ual transition from thinner to thicker 
sections. 


This rule holds the same for die- 
castings as for sand and other cast- 
ings. Thin sections solidify and cool 
more rapidly than thick ones. Unequal 
contractions cause shrinkage stresses 
which may cause warpage or even 
cracks in the casting. Cracking may 
occur while the casting is still in the 
die or during ejection. This can often 
be avoided by a gradual transition 
from thick to thin sections. 

Other factors control section thick- 
ness. Should it be desired to minimize 
the casting weight consistent with 
adequate strength, it is often neces- 
sary to vary the section thickness in 
proportion to the stress involved, so 
the casting will be thickest where 
stresses are greatest. Where the cast- 
ing is fastened to another part, a boss, 
involving a thicker section, is com- 
monly provided at the fastening. 
Around the boss, ribs may be added 
to help distribute the stress. Rib thick- 
ness should neither materially exceed 
that of the area it adjoins, nor be so 
placed that it will complicate removal 
of the casting from the die. 
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One way of approaching uniformity 
in section thickness, is to provide for 
cores, where otherwise there would 
be unduly thick sections. Cores, termed 
“metal savers,” are often utilized. Re- 
cesses marked M, Fig. 2, are formed 
by metal savers. 


Rute 4: Use of Cores: Provide for 
cores wherever, consistent with other 
requirements, they save metal, save ma- 
chine work, make for sounder castings 
of reasonably uniform section thick- 
ness, and tend to lower cost. 


Since ease of precise coring is one 
of the major advantages of the die- 
casting, especially as opposed to the 
sand-casting, the designer who disre- 
gards this rule is likely to sacrifice 
important gains. 

Cores often increase die costs, but 
the greater the number of castings re- 
quired, and the greater the saving per 
piece effected by coring, the more im- 
portant is it that cores be provided. 
Even though cores may be expensive, 
and commonly they are not, their cost 
is often amply justified. Cores, in most 
casting dies, either last as long as the 
die itself, or are relatively inexpensive 
to renew. They are not like sand cores 
which where used, have to be made 
and set separately for each individual 
sand casting. 

The usual core in a die casting is a 
slightly tapered pin of circular section, 
or a bar of metal having the shape of 
the hole it is to produce. It can be a 
tube in any one of a great variety of 
hole shapes, providing the core is so 
shaped that it can be withdrawn after 
the casting is formed. Cores may be 
fixed on the die, or may be movable in 





reference to the die. They generally 
cost least and are easiest to operate 
when they lie parallel to the direction 
of motion of the die itself, or of a die 
slide in which they are carried. Holes 
marked K, Fig. 2, are formed by pins 
parallel to die motion. 

Cores can be applied at almost any 
angle. They have to be firmly sup- 
ported with provision for removal. 
Their actuating mechanism is com- 
monly a part of the die assembly, 
though casting machines often include 
some die operating parts. However, 
many cores depend, in part, upon man- 
ual or even hydraulic operation. 

As the holes or recesses formed by 
cores are commonly sized with rela- 
tive precision, they usually require 
little or no machining. This is not true 
for holes formed by sand cores in 
sand-castings. 

Holes to be tapped are frequently 
cast to tapping size. 

Cores, in general, must be given 4 
slight draft (see Table I, Propuct 
ENGINEERING, April 1943) and must 
never have undercuts to prevent core 
withdrawal from the die. Under cer 
tain circumstances, however, even 
cores involving undercuts are feasible. 

Often it is cheaper to drill or to 
punch small holes through thin sec 
tions of die-castings than to core the 
holes, for flash is usually formed a 
one or both ends of a cored hole, and 
has to be removed by machining. It is 
no more work to drill a small hole or 
punch it through a thin section, than 
to machine out the flash. Holes over 
1% in. in depth are commonly cored, 
unless at a point where it would be 
costly or laborious. However, it 3 
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often useful to use a pointed core to 
‘spot a hole, such as is made by a cen- 
ter punch, for later drilling. 

It is sometimes expedient to employ 
“knockout” cores to form an undercut 
recess. Such a core, Fig. 3, has to be 
so made that it is positively positioned 
by the die or by other cores, but comes 
free of the die within the casting 
when the latter is ejected from the 
die. Such cores are commonly made 
in two or more pieces and have to be 
knocked out of the casting after the 
casting is taken from the die. These 
same pieces, or a duplicate set, are 
again assembled in the die before the 
next casting is made. Although no 
more than one casting design in a 
hundred may require knockouts, their 
use generally avoids mating the cast- 
ing in two or more separate pieces, or 
casting with a sand core unsuitable 
for use in a die-casting. 

Considerable shrinkage of the cast- 
ing occurs as the casting solidifies, 
causing the casting to grip the cores. 
Therefore, the cores must be suffi- 
ciently strong to resist shrinkage 
stresses, and should have sufficient 
draft to facilitate their withdrawal. 
Minimum draft for different alloys is 
indicated in Table I. 


Rute 5: Length of Cores: Avoid cores 
of extreme length, especially slender 
cores, unless their use is completely jus- 
tified by some special conditions. 

In general, the length of cores sup- 
ported at one end only should not ex- 
ceed three to four times the core diam- 
eter, particularly in sizes below 14-in. 
diameter. Somewhat longer cores can 
be used in special cases, or when the 
outer end of the core is supported by 
telescoping into some part of the die. 

Cores of exceptional length, even 
when of sufficient strength and stiff- 
ness, often require special means for 
pulling, such as a long stroke hy- 
draulic cylinder. Where a deeper hole 
than feasible to core is required, it is 
often economical to core a part of its 
length, and to drill the remainder. 


Rute 6: Position of Cores: Design the 
casting so that, consistent with other re- 
quirements, cores come where they may 
be withdrawn with a minimum of parts 
for withdrawal and locking of area. 

Unless this rule is observed, die 
cost is increased and extra time is 
needed for core operation. 

The cheapest core usually is a pin 
parallel to the direction of die motion 
and fixed either to the front or rear 
section of the die. Where castings have 
cores in other positions, some special 
means for actuation is required. 

Cores have to be locked so that they 
do not move when metal is injected 
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into the die. This locking and opera- 
tion are usually built into the die. 
Fixed cores, attached permanently 
to some part af the die, need no oper- 
ating mechanism and are cheapest. 
However, they have to be so placed 
that either they are withdrawn from 
the casting when the die part holding 
them is moved, or so that the casing is 
forced off the core when the casting is 
moved with a part of the die, or is 
ejected from the die. The fixed core 
must have its axis parallel to the mo- 
tion of some movable part of the die. 


Rute 7: Shape of Cores: See that 
cores have the simplest shape which 
will yield the result required. 

A core which is nearly cylindrical, 
allowing for a slight draft taper, is 
easiest to machine, and is used most 
generally. The hole in which it fits is 
usually drilled and reamed, or ground, 
and so involves only simple operations. 
Usually the core shank is a true 
cylinder although the projecting part, 
forming the hole in the casting, is 
some other shape. 

Cores requiring undercuts are usu- 
ally of the knockout type and are 
occasionally designed to be rocked 
rather than pushed into place. Cores 
which intersect, as for core P, which 
meets one of cores marked K, Fig. 2, 
are useful in certain complex cast- 
ings but are more expensive. They re- 




















Fig. 4—Parting is at face A which has 
to be machined. If parting is at B, 
flash will have to be removed as a 
separate operation instead of during 
machining 








Parting plane- 





FIG.5 








Fig. 5—For a die-casting with a rounded 
edge, parting plane has to be at the 
maximum diameter of casting so that 
the die will clear when ejected. 


quire a mechanism for correct oper- 
ating sequence. 

Flash occurs at both ends of a mov- 
able core which pilots in both halves 
oi the die, but this is avoided when a 
fixed core is employed. Blind cores 
produce no flash at the closed end of 
the hole. 

Cores with an external thread are 
occasionally used, especially where a 
shallow hole with a coarse thread of 
fairly large diameter is needed. Such 
cores, however, have to be unscrewed 
before the casting shrinks too tightly 
around the cores, and this usually re- 
quires a special mechanism in the die. 


Rute 8: Minimizing Machine Work: 
Design the casting so that the machine 
cost is cut without undue sacrifice in 
accuracy, appearance, and performance 
of required functions. 

As a rule, machining costs increase 
in proportion to the thickness of metal 
which must be removed. 

Where facing or surface grinding is 
necessary, it can often be done eco- 
nomically by having on one common 
level the bosses or other surfaces to be 
machined. A small boss is machined 
quicker than a large surface. Holes 
which have to be drilled, tapped, or 
reamed, should be no deeper than con- 
ditions demand. Operations are facili- 
tated if the hole axes are parallel. 


Rute 9: Flash and Its Removal: De- 
sign castings so as to minimize the 
cost of flash removal. 

Flash always occurs at die partings 
and where joints in the die, as at slides 
and around movable cores, form crev- 
ices in the wall of the die cavity. Flash 
removal is one phase of machining 
which is practically unavoidable, but 
this cost can be minimized by direct- 
ing the flash so that it is readily and 
easily removed. Flash at the parting 
is readily removed by a shaving die 
through which the casting is forced by 
a press or its equivalent. If the part- 
ing is in a single plane, preferably at 
right angles to the motion of the die, 
the flash is sheared easily. 

When flash can be made to come on 
a surface or edge requiring machin- 
ing, a separate flash removal operation 
is avoided. Where the flange edge is 
rounded, as in Fig. 5, the parting must 
come at the maximum diameter, but 
can be removed readily either by turn- 
ing, or in a shaving die. 

A bead may be thrown up at the 
parting, as in Fig. 6, to position the 
flash where it is easily machined off. 
As the bead forms a narrow convex 
surface, the flash will come at a high 
point and will be easy to reach. Where 
the surface is kept flat, it is not easy to 
remove the flash by shaving or grind- 
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ing without leaving marks on ad- ings which require the use of slides in supporting walls of the casting, as the 




























































































jacent areas. the die, except where offsetting advan- _—fiJjets help to avoid localized stresses 
Flash which forms at the end of a _—‘ges outweigh the disadvantages. and to distribute concentrated load 
hole as a thin diaphragm, closing the Cautions against yndercuts are over larger areas. Large fillets are ad- 
hole, is easily punched or drilled out. _ based chiefly upon the fact that, ifthe — yantageous in stress distribution, and 
If the flash forms a collar at the end undercuts exist on the exterior of the sometimes make stronger and stiffer 
of the hole, as where a core has clear- die-casting, one or more slides, or at castings, as well as easier ejection of 
ance in a hole in the die, a facing least movable cores, are needed to the casting from the die. 
and/or chamfering operation, involv- eject the casting from the die. An exterior fillet adjacent to the 
ing higher costs, may be necessary Bosses and projections on the side parting line, as at the edge of a flange, 
to remedy the situation. of castings are often extended to the complicates clean removal of the flash. 
Since the use of slides, Fig. 7, in a parting line to avoid undercuts, as in It is entirely feasible to produce 
Fig. 8. Should this result in adding castings having square corners and Co 
much extra metal to the casting, a edges to meet some special require- for 
slide may prove a better plan, espe- ment, but sharp exterior edges and d 
cially if many such castings are re- corners on castings add to buffing r 
quired. Where there are several side and plating difficulties involved in the ant 
cores which can be attached to a com- process. are 
mon slide, it may prove better and Moreover, sharp exterior corners der 
cheaper to use a slide rather than to and edges on castings require sharp 4 
provide for pulling the cores sepa- interior corners in the die and add to 
rately. die machining costs. When a substan- 
Rute 11: Use of Fillets: Fillets should tially square exterior edge or corner 
he used at ineide commers where cur is required, it is better to chamfer or 
faces join, and at exterior corners to round the edge slightly to eliminate as \ 
join adjacent surfaces unless some spe- sharpness. pre: 
cial construction requires that such cor- Als 
ners be square. sho 
As with sand-castings, fillets make cosi 
for favorable grain structure at cor- Thi 
ners of die-castings. Under some cir- an | 
FIG.6 cumstances, fillets are less likely to cul: 
produce excessive turbulence in the duc 
Fig. 6—Iollew diccasdings of this flow of molten metal entering the die whi 
shape have to be parted in a plane at at high velocity and consequently there ing 
right angles to the base and passing may be less tendency to trap air which 
through the hole axes of bosses. If a otherwise might be expelled. This is 
narrow bead is provided at the part- more important when the flow is trans- 
ing, flash is easily removed verse to a sharp edge of the die cavity, 1 
such as would form a sharp interior is | 
' : . corner on the casting, than for square 
die results in flash where the slides terior corners of the casting. Sharp - 
join the cavity or meet each other, they die edges swept by molten metal, are the 
add to flash removal cost. prone to heat cracking. Fee, vi comaien Mowuting of Oh dia 
Rute 10: Use of Undercuts Requiring Fillets are recommended almost in- shape, requires slides forming the side is t 
Slides: Avoid the use of undercut cast- variably in joining bosses and ribs to walls of the cavity the 
whe 
The 
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Fig. 8—Changes in design of motor housing result in a cheaper die. Altering design A so that bosses are extended to fee 
the flange as at B, simplifies the die design. Extended boss is cored out M 
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Design of Self-Cooled 
Journal Bearings — Il 


MERHYLE F. SPOTTS 
Northwestern Technological Institute 


Concluding article in a series that presents a method and procedure 


for designing self-cooled journal bearings. 


In this part there is 


developed equations for determining rate at which heat is produced 


and for calculating area of bearing housing. 


Several examples 


are included to illustrate the method of using the various equations 


developed in the text. 


presented in Propuct ENGINEER- 

1nG, April, page 231, factors such 
as viscosity-temperature relations, film 
pressure and friction were dealt with. 
Also there was included in Part I, a 
short review of Newton’s law of vis- 
cosity and Petroff’s bearing equation. 
This Part II of the article begins with 
an explanation of a procedure for cal- 
culating the rate at which heat is pro- 
duced in a bearing, and the rate at 
which heat is removed from the hous- 
ing by the surrounding air. 


|: PART I of this article which was 


Heating of Bearings 


The rate at which the frictional heat 
is produced in a bearing will first be 
determined. Let P be the load in lb. 
per sq.in. of projected journal area, L 
the length of the bearing and D the 
diameter of the bearing so that PLD 
is the total load on the bearing. Then 
the tangential friction force is fPLD, 
where f is the coefficient of friction. 
The friction moment 7 then becomes 
%{PLD’. With N equal to the r.p.m. 
of shaft the number of radians turned 
by the shaft per min. is 2x. The work 
of friction per min., or power, then is 
2nNT or xfPLD*N in. |b. per min. 
Since 1 B.t.u. is equal to 77812 in. 
lb. of mechanical work, the heat H in 
B.t.u. generated per min. becomes 


a fPLD°N 


H = FRX 12 (7) 


For continuous operation the heat 
generated must be removed from the 
bearing at the same rate at which it is 
produced or the temperature will be- 
come excessively high. Sometimes cool- 
ing coils are provided for large and 
important bearings. Often in forced 
feed systems the excess heat is car- 


May, 1943 


ried away by the lubricant which is 
cooled before being returned to the 
bearing. The majority of bearings in 
use depend upon the surrounding air 
as the cooling medium. Many bearings 
are constructed in the form of a self- 
contained unit with an oil reservoir in 
the base or pedestal, and an oil ring 
to carry the lubricant to the shaft. 
For moderate rises in temperature 
Newton’s law of cooling is found to 
be sufficiently accurate. Where H is 
the heat lost in B.t.u. per min. by the 
bearing, C, is the heat lost in B.t.u. 
per sq.ft. of bearing housing surface 
per hr. per deg. F., A, is the area in 
sq.in. of surface which is losing heat, 
and AT is the difference between the 
temperature of the surface and the 
surrounding air, this law states that 


C, 
144 x 60 4 


The constant C, depends upon fac- 
tors such as the shape and condition 
of the surface of the bearing housing, 
and also on whether or not the sur- 
rounding air is in motion. It is thus 
difficult to estimate C, accurately. A 
commonly used value for the rate of 
losing heat in still air is to take C, 
equal to 2 B.t.u. per hr. per sq.ft. per 
deg. F. This value increases propor- 
tionately to the velocity of forced air 
movement, being 3X2 for an air vel- 
ocity of 500 feet per minute. 

The area of the housing A, is more 
or less under the control of the de- 
signer, and fairly accurate estimates 
can be made for this quantity. It is 
customary to express A, in terms of 
the developed journal area xDL. 


H= AT (8) 


A. = Com DL (9) 


where C, is a constant. 
The oil film itself is at a consider- 
ably higher temperature than the ex- 


terior surface of the housing. Just how 
much higher it may be difficult to say, 
and the designer is again confronted 
with a situation of considerable uncer- 
tainty. On the basis of experiments re- 
ported by Karelitz, “Performance of 
Oil-Ring Bearings,” Trans. A.S.M.E. 
1930, Vol. 52 (1), p. APM 57, one 
would appear to be justified in assum- 
ing that the housing rises in tempera- 
ture one-half as much as does the oil 
film. That is AT is equal to one-half 
the difference between the temperature 
of the oil film and the temperature of 
the surrounding air. Under continuous 
operating conditions the heat produced 
in the bearing is lost through the 
housing to the surrounding air, that is, 
Equations (7) and (8) may be set 
equal to each other. By doing this 
ard then substituting Equation (9) 


fPDN = 1.0805 C,:C,AT (10) 


Since C, is a constant, Equation 
(10) shows that for any increase in 
either P, D, or N, the area of the 
housing as determined by the constant 
C, must be increased if the rise in 
temperature of the oil film is not to 
become excessively great. 

Let F, be the tangential friction 
force per in. of axial length, and VW 
the load per axial in., then by substi- 
tuting f equals F,/W, and P equals 
W./D Equation (10) becomes 

F,N = 1.0805 C,C,AT (11) 


Criterion of Design 


The designer is usually concerned 
with the problem of securing a bear- 
ing of the greatest load capacity P 
compatible with an oil film tempera- 
ture which is not excessively high, and 
a minimum of oil film thickness hp 
which is not excessively thin. Usually 
he has considerable latitude in the 
choice of the different proportions 
such as L/D ratio, r/c ratio, area of 
housing, and viscosity of oil. Many 
combinations of these quantities are 
possible, and no definite rules as to 
the best method of procedure may be 
given. Sometimes several trial designs 
are necessary before the best overall 
choice of the different features are 
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Table I—Computations for Example 3 












































1 2 3 4 5 6 7 8 9 10 I T2 
2 
OilTemp.| aT | F; »U =<) r *A<) W, P W ho hp. 
Deg. F. wU\ © zU\r 

apa 22.5 | 0.4322 | 0.0001698 | 2.545 | 0.262| 0.560 | 95.1] 47.6] 285] 0.00074] 0.0185 
egal 25. | 0.4803 | 0.0001553 | 3.092 | 0.411] 1.083 | 168.1] 82.1] 504] 0.00059] 0.0206 
-......... 27.5 | 0.5283 | 0.0001425| 3.707 | 0.518] 1.696 | 241.7] 120.8] 725] 0.00018] 0.0226 
160.........| 30° | 0/5763 | 0.0001313 | 4.389 | 0.602] 2.422 | 318.0] 159.0] 954] 0.00040] 0.0247 
— 3 32.5 | 0.6243] 0.0001216| 5.134 | 0.668] 3.308 | 402.2] 201.1] 1,207] 0.00033] 0.0267 
RRR: 35. | 0.6724| 0.0001131]| 5.945 | 0.721] 4.313 | 487.8] 243.9] 1,463] 0.00028] 0.0288 












190 190 
uw 180 igo & 
D .°)) 
© a 
: . 
a Q. 
E 170 70 § 
= = 
£ £ 
re ie 
6 |'60 160 6 

I 150 

0.01 002 0.04 |0.05 '006 007 |008 }009 010 Ol | 012 
Hp. Loss 

80 
0.0016 UL: 
0.0015 D 
0.0014 v 
0.0012 170 2 
a 
0.0011 (See|Figs. 2ana3) £ 
0.0010 ‘ hg 
0.0009 : 
0.0008 160 £ 
h, 2.0007 = 
0.0006 = 
0.0005 fe) 

one i 

50 100 150 200 250 0 1,000 2,000 3,000 
P Lb. Per Sq. in. W Lb. 
Example 3, Bearings of Different Diameters 
£=15, € =1,000, R.p.m.=900, Area Housing =8nDL 
Assumptions:—Room temp.= 100 deg. F 
Housing cools at rate of 2 Btu/hr/ft?/deg. F. 
Housing temp. rises one-half as much as oil film 
FIG.7 Oil B of Figs. 2 and 3 

















Fig. 7—Graphic presentation of data shown in Table 1, and corresponding computations for bearings of diameters other 
than 2 inches having a length-diameter ratio equal to 1.5, under operating conditions as stated 
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Fig. 8—Curves showing effect of length to diameter ratio on load in relation to unit load 


secured. For this purpose experience 
is a valuable guide. 

It is possible to prepare curves for 
the bearing in which but one of the 
variables is permitted to change in 
order to note the effect upon the other 
quantities involved. It is true that a 
great many curves are needed to cover 
bearings of all sizes, loads, and speeds. 
But the curves are easily made, and 
they convey much more information 
than a mathematical solution which 
gives but a single value. 

A number of examples will now be 
worked out which will make applica- 
tion of the foregoing theory. 

Exampce 1. Given: D equals 3% in., 
L equals 514 in., N equals 900 r.p.m. 
Oil film temperature not to exceed 
80 deg. F. above room temperature 
of 100 deg. F. Minimum oil film 
thickness hy equals 0.00075 in., r/c 
equals 1,000. Housing area equals 8 
times developed journal area, (Cs 
equals 8). Assume rate of cooling, 
C, equals 2 B.t.u. per sq. ft. per hr. 
Per deg. F., and that housing rises 
in een perature one-half as much as 
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does oil film, that is AT equals 40 
deg. F. Find the load P lb. per sq. in. 
of the projected area which the bear- 
ing will carry. Also if yo equals 0.89 
find the SUV value of the lubricating 
oil at the operating temperature. 


SOLUTION: 


Radial clearance, c=r/1,000=0.00175 in. 

Eccentricity = 0.00175 —0.00075=0.001 in. 

Relative eccentricity \ = — 
= 0.5 

From curves given in Part I of this article, 

see Reference Book Sheets, pages 253 and 

254, April, P.E., for L/D = 1.5 


Dividing for coefficient of friction, and 
noting that c/r equals 1/1,000 
4.10 1 
f= 219 x T,000 ~ 0.00193 
Substituting in Equation (10) the known 
values for f, D, N, Ci, C2, and AT and 
solving gives 


1.0805 C:C2 AT 


es {DN 


= 113.6 lb. per sq.in. 


Tangential velocity 


U =3.57 X a = 164.9 in. per sec. 


Load per axial inch 
Wi = PD = 397.6 lb. 
Viscosity 
a 
** 212UF 
= 0.000001136 Ib. sec. per sq. in. 
‘iso = Yeo — 0.000365 (t — 60) 
= 0.89'— 0.000365 < 120 = 0.846 
Substituting into Equation (2) and solving 
the resulting quadratic gives the Saybolt 
value of 
S = 56.5 sec. SUV at 180 deg. F. 


ExaMPLe 2. Given a bearing in which 
P = 90 lb. per sq. in. of projected area 


D = 4in. 
L = 5in. 
r/c = 1,000 
C, = 25 Bit. her hr. per sq. ft. 
per deg. F. 
= 600 r. 


p.m 
Oil E of Figs 2 ‘and 3, Part I. 
Room temperature is 100 deg. F. 
Temperature of housing increases one- 
half as much as does the oil film. 


Find the temperature of the oil 
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Example 5, Effect of Clearance Rati 
D=3! L=3! R.p.m=1,200, Cooli 


Assumptions:- Room temp.=80°F 
| Housing cools at rate of 2 Btu./hr/ft?/deg.F 


Pis in lb pe sq. in._| 


Oil Film Temp. Deg. F 


L§ 
Cc 


Area=l6nDL 





Housing temperature rises one-half as much as oil film 


| 


| 
| 


190 200 210 220 230 240 250 260 
P, Lb. Per Sq.in. 


| 
| 
| 
| 
| 





Fig. 9—Curves showing effect of variation in the clearance ratio on the operating characteristics of a journal bearing 


film and the required area of housing 
if the bearing is to be self-cooling. 


SoLuTION: 


Radial clearance, c = 0.002 in. 
Relative eccentricity, 
A = 0.001/0.002 = 0.5 
From curves given in Part I, Reference 
Book Sheets, pages 253 and 254, April, P.E., 


L/D = 1.25 


2 
Wifc\_ 
= (4) = 1.41 


PF, c i” 

7 U +) = 3.57 
Load per axial in., Wi = PD = 360 lb. 
Tangential velocity, U =  DN/60 


= 125.7 in. per sec. 
Viscosity, 


oe tey 
** TAlU\ + 


= 0.000002032 Ib. sec. per sq. in. 


From Fig. 3, Part I, 
oil temp. = 162.3 deg. F. and 


162.3 — 100 


AT = 9 


= 31.15 deg. F. 
Coefficient of friction, 
F, _ 3.57 1 


J = = Tal * Too ~ 9.00258 


Substituting in Equation (10) and solving 
SPDN 


“= Tos cat ~ © 


Required cooling area, Ae = C27 DL 
= 408 sq. in. = 2.84 sq. ft. 


EXAMPLE 3. The problem of finding 
the temperature at which a bearing 
of given dimensions and carrying a 
given load will operate is best solved 
in the reverse order. That is, one first 
finds the load which the bearing will 
carry for a chosen oil temperature. 
lf sufficient values are found to plot 
the curve of P in relation to oil tem- 
perature, then for any given load the 
temperature is read directly from the 
curve. Consider the following bear- 


ing: 


in. — = 1,000 
c 
in. r.p.m. = 900 
5 Area housing, A. = 


L/ 
82 DL, hence C,=8 
Oil B, see Figs. 2 and 3, Part I 


D 
L 
D 


Assume that the room temperature 
is 100 deg. F., that the housing cools 
at the rate of 2 B.t.u. per hr. per 
sq.ft. per deg. F., and that the hous- 
ing rises in temperature one-half as 
much as does the oil film. 


am 1.0805 C,C.A T 


F, N = 0.01921 AT 


The necessary computations for this 


bearing are most easily carried out as 
shown in Table I. The assumed oil 
temperatures are shown in Column 1. 
Substituting AT in the equation just 
stated gives the F, values of Column 
3. Values for »U of Column 4 are 
found by using Fig. 3, Part I and are 
for use in computing the friction fac- 
tors of Column 5. These latter when 
applied to the curves given on page 
254, April, P.E., permit the values of} 
of Column 6 to be determined. Using 
these values of ) given on page 253, 
April, P.E., the load factors of Col- 
umn 7 are found. A direct solution 
may now be made for W,, P and V 
of Columns 8, 9, and 10 respectively. 
The minimum film thickness, Column 
11, is found from the relationship 


ho = c(1 — Xd) 


The horsepower loss of Column 12 is 
found from the equation 


hp.= F,L U/6,600 


The foregoing data listed in Table 
I are plotted in Fig. 7 and provide @ 
rapid means of determining the oil 
film temperature, and the minimum 
film thickness h, for any given load P 
or W. Corresponding computations 
have been carried out for bearings 
of diameters other than 2 in., and the 
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Example 6, Effect of Oil Viscosity 


D=3" L=43" €=1,000, R.p.m.=900, Cooling Area=8n DL 
Assumpiions:—Room temp.=100 deg. F 
Housing cools at rate of 2 B.tu./hr/ft.2/deg. F 
. rises one-half as much as oil film 








200 


OV E, high viscos/ 
(See Figs. 2and 3) 


// 


rR Lb. Per Sq. In: 


V/A, low 














results are also plotted. Such curves 
may be of assistance in designs where 
the engineer has control over the shaft 
diameter as well as the other factors 
involved. 
The foregoing results are of course 
not very general since they apply only 
to the given values for L, D, r/c, 
rp.m., oil, housing area, room tem- 
perature, and cooling rate. Such 
curves are however easily made, and 
a large supply of them will often save 
much labor in making trial designs. 


EXAMPLE 4, EFFECT OF LENGTH-D1AM- 
ETER Ratio. The effect which the 
length-diameter ratio L/D, has on the 
unit load P will be considered in this 
problem. Taking a bearing having the 
following data 


D=3in. Oil B of Figs. 2 and3, 
r/c = 1,000 Part I 
Cooling area, A-= 82 DL 
h.p.m.= 900 


Assume that the room temperature 
is 100 deg. F., that the housing cools 
at the rate of 2 B.t.u. per hr. per 
sq.ft. per deg. F., and that the hous- 
ing rises in temperature one-half as 
much as does the oil film. 

From Equation (11) 


y, — 1.0805 C:C,AT 
1 o_o 


V = 0.01921AT 
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Fig. 10—Curves showing effect of variation in viscosity of oil on operating characteristics of journal bearing 


The computations for this bearing 

have been carried out in a manner 
similar to those of Example 3, but 
for various values of the L/D ratio. 
In Fig. 8 curves have been plotted 
for loads in relation to oil film tem- 
perature, and minimum film thickness 
in relation to unit load. It is seen that 
for a given unit load P, decreasing the 
L/D ratio causes the bearing to run 
at a higher temperature and with a 
thinner oil film. 
EXAMPLE 5. EFrect oF CLEARANCE 
Ratio. The effect of variation in the 
r/c ratio on the operating character- 
istics of a journal bearing are shown 
in Fig. 9. These were made for a bear- 
ing in which 


D=3in. OiB of Figs. 2 and 3, 
Part I 
L=3in. Cooling area, A-=162 DL 
or C2= 16 
r.p.m.= 1,200 


It was assumed that the room tem- 
perature was 80 deg., that the hous- 
ing cooled at the rate of 2 B.t.u. per 
hr. per sq.ft. per deg. F., and that 
the temperature of the housing in- 
creased one-half as much as did the 
oil film. 

These curves show that there is 
some optimum value of r/c which will 






give the lowest operating temperature 
for the film, but that the maximum 
film thickness is secured at a differ- 
ent value of r/c. The curves also 
show that close dimensional control 
is necessary for the diameters of both 
shaft and lining if the expected op- 
erating characteristics are to be ob- 
tained. 


EXAMPLE 6, Errect oF Os oF Ditr- 

FERENT Viscosities. The designer is 

usually concerned with the effect ' 
which will occur if an oil be used at‘ 
sume future time which has a viscos- 

ity different than that of the original : 
cesign. Such effects using the oils of ° 
Figs. 2 and 3, Part I, are shown in 

the Fig. 10 and were made for a 

bearing in which 


D=3in. rp.m.= 900 
L = 4}in. Cooling area, A. = 8x DL 
or C; = 8 
r/c = 1,000 


As before it was assumed that the 
room temperature was 100 deg. F., ' 
that the housing cooled at the rate! 
of 2 B.t.u. per hr. per sq.ft. per deg. 
F., and that the temperature of the! 
housing increased one-half as much 
as did the oil film. 

The curves in Fig. 10 show that an 
increase in the viscosity of the oil 
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Fig. 11—Curves showing effect of the size of the cooling area upon temperature and thickness of oil film 


causes the operating temperature of 
a bearing to be raised. There is the 
advantage however, in that the bear- 
ing operates on a somewhat thicker 


oil film. 


EXAMPLE 7, Errect oF Coo.inc AREA. 
The effect of the size of the cooling 
area upon temperature and film thick- 
ness are shown in the curves of Fig. 
11. These were made for a bearing 
in which 


D=3in. Oil B, see Figs. 2 and 3, 
L = 4}in. Part I 
r.p.m.= 900 
r/c = 1,000 


As before it was assumed that the 
room temperature was 100 deg. F., 
that the housing cooled at the rate 
of 2 B.t.u. per hr. per sq.ft. per deg. 
F., and that the temperature of the 
housing increased one-half as much 
as did the oil film. Various values for 
C, were used as designated on the 
curves. Bearings of ample housing 
area are thus seen to run cooler, and 
to operate on thicker oil films than 
those of small housings. Note also 
the rapid increase in load capacity 
for a given oil temperature, as the 
housing cooling surface is increased. 
For example, at 165 deg. F., P equals 
35 lb. per sq.in. at C. equal to 6. 
Merely doubling the cooling surface, 
C, equals 12, gives P equal to 205 or 
six times the load capacity for twice 
the housing surface. 

The foregoing examples illustrate 
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a method for designing self-cooled 
journal bearings when the criterion 
has been taken as the oil film tem- 
peratures and the minimum oil film 
thickness. It must be remembered 
that all bearings discussed in the ex- 
amples have a 120 deg. supporting 
lining, and that there are no oil 
grooves within the 120 deg. expanse 
of the bearing, that the loads and 
speeds are assumed constant, that the 
bearings have loose fitting caps, and 
that flooded lubrication is employed. 

So far as the permissible working 
values for the different variables are 
concerned, the circumstances for the 
particular design will largely exert 
the controlling influence. For exam- 


ple the temperature at which a bear- 
ing should operate is controlled by 
the heat resisting properties of the 
lubricant which will be used, and by 
the reserve capacity which the de- 
signer feels the particular bearing 
should possess. 

In regard to the minimum thickness 
of oil film the designer must take 
into account the surface finish which 
will be given to the shaft and lining. 
The probable accuracy of assembly 
must also be considered. A stiff un- 
yielding shaft can also be operated 
on a thinner film than can a longer 
and more flexible shaft which will 
have considerable deflection slope at 
the supporting bearing. 








Mere than 170 tubes are used in 
the electronic clock developed by Dr. 
V. K. Zworykin, associate director of 
RCA Laboratories, and his staff. The 
tubes are operated by 60-cycle current 


and the minutes and hours are indi- 
cated by lights. The bottom row of 
lights shows the minutes and the 
upper row of larger lights shows the 
hours. Time indicated here is 8:20. 
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Industry and Societies 








Agitation for Patent Reform 


Calls for Action by Engineers 


THERE SEEMS TO BE NO DOUBT that 
patent reforms and legislation will be 
as prominent a subject for discussion 
in the present session of Congress as 
they were in the session recently 
ended. Both the Senate and House of 
Representatives have committees on 
patents. In the past session the Senate 
committee concentrated on patents and 
the House group on trademarks and 
copyrights, and indications are that 
this breakdown will continue. At the 
time of this writing the situation with 
regard to the Senate Patent Commit- 
tee is unchanged from that which was 
described in Propuct ENGINEERING 
for February, page 64. 

Any tendency of Congress or any of 
its committees to change the existing 
patent laws should be watched very 
closely by all engineers and scientists. 
There is a Congressional clique which 
is looking for every opportunity to leg- 
islate on patents. This group has a 
New-Deal flavor which seeks the com- 
munal ownership of patents. (See edi- 
torial on page 255 of this issue.) It 
would therefore seem logical that most 
proposed patent reforms and changes 
will be initiated by this clique. 

Many prominent industrial and sci- 
entific leaders, actively interested in 
what develops with regard to patent 
reforms, have made positive state- 
ments about the situation as it exists 
today. Dr. Robert E. Wilson, who was 
recently awarded the Perkin Medal in 
Chemistry, made the following com- 
ments in an address: “Were it my job 
a3 supersaboteur to destroy America’s 
future greatness, I can think of no 
more effective way than to destroy our 
patent system. The tragedy is that if 
we permit impractical theorists and 
faddists to distort the facts and hypno- 
tize our nation into this act of hari- 
kari, all of us will suffer and yet no 
adequate .punishment can be meted 
out to-those really responsible. Let 
us not by our inaction have any share 
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in such a terrible responsibility.” 

Among the more vicious attacks on 
the patent system by people who are 
not fully qualified to discuss the sub- 
ject is one by Walton Hamilton, pro- 
fessor of law at Yale University, ap- 
pearing in “Patents and Free Enter- 
price”. This is Monograph No. 31 of 
the Temporary National Economic 
Committee, published by the Govern- 
ment Printing Office. The agitation for 
changes in our patent system are sum- 
marized in this monograph and offer 
much food for argument. Professor 
Hamilton fails to distinguish between 
the fundamental rightness of the 
patent grant and certain business 
practices subject to condemnation un- 
der the anti-trust laws. He also ignores 
certain prohibitions inherent in the 
patent grant and enunciated by the 
Supreme Court in a long line of cases. 

The monograph was reviewed for 
the Harvard Law Review by Anthony 
W. Deller, a prominent patent attor- 
ney, who very ably refutes many of 
Professor Hamilton’s fallacious state- 
ments. The following quotations are 
from Mr. Deller’s review: 

“The monograph (Prof. Hamil- 
ton’s) is a vivid example of the results 
of contemporary zeal for regulation 
and reform, based upon incomplete 
data and preconceived purposes. .. . 
Isolated facts from isolated instances 
are selected and distorted to form the 
basis for glaring generalizations and 
blaring headlines. The hue and cry 
that is raised obscures the real issue. 
To the unwary, it also obscures the 
real purpose—the impairment and 
ultimate destruction of the American 
patent system. Despite lip service to 
the merits of the American patent sys- 
tem, the author, contemplating ‘the 
patent question,’ asserts that ‘it is now 
much too late for the occasional stitch 
in time by court and Congress.” 

“Over and over Professor Hamilton 
reiterates: ‘the patent involves the cre- 








ation of a privilege’; ‘a privilege from 
the Government, in derogation of the 
public domain must be held to its 
orbit’; ‘the grant is the creation of a 
private equity within the public do- 
main’; ‘a private stake in a public 
domain in its very nature involves a 
clash.’ He overlooks the fundamental 
fact that an invention .. . is something 
which did not before exist, and which 
now adds value to the public domain. 
By disclosing that invention to the 
public, the inventor . . . receives the 
right, for 17 years, to exclude others 
from making, using and vending the 
same without his permission or li- 
cense. In other words, an inventor— 
having created something which he 
might retain permanently by refusing 
to disclose his invention and which he 
might preserve as a commercial trade 
secret in appropriate cases—gives up 
his permanent right by making full 
disclosure to the public in exchange 
for temporary rights. What other 
owner of property does likewise? 

“With the criticism of the inade- 
quacy of the force and funds furnished 
to the Patent Office, one can take no 
issue. If some of the zeal, propaganda 
and money expended in attempting to 
break down the patent system were de- 
voted to increasing the personnel and 
pay of the Patent Office employees, the 
results would be highly beneficial. 

“It is submitted that Professor Ham- 
ilton has failed to show wherein the 
machinery and remedies already in 
existence do not afford ample protec- 
tion to the public from the encroach- 
ments of the fictitious monster he fab- 
ricates, and that he has failed to show 
wherein the American patent system 
kas imprisoned invention and produc- 
tion, and wherein it has failed to re- 
lease to mankind the great storehouse 
of creative energy. It would seem 
rather that Professor Hamilton’s mon- 
ograph should have been devoted to 
an exposition of the necessity for en- 
forcing existing statutes, and not to 
an attack on the patent grant and 
patent system. 

“Rather than discourage inventors 
and those who support them at this 
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Close speed regulation without a 
separate exciter or mechanical speed 
changer is provided on this waxing 
machine by a d.c. series, variable-volt- 
age drive developed by Westinghouse 
Electric & Manufacturing Co. This 10 
hp. adjustable speed drive permits low 
threading speed, wide operating speed 





range, fine speed adjustment and 
stable operation at all speeds. An in- 
duction motor-generator set mounted 
in a unit-type frame, a series-wound, 
d.c. motor, manually operated, speed 
adjusting rheostats and magnetic con- 
trol of the induction motor are the 
components of the drive. 





Lenses made of Didymium-Noviweld, 
an eye-protection glass developed by 
the American Optical Co., enable gas 
welders to see their work clearly. The 
giass absorbs the high intensity sodium 
rays in that particular portion of the 
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spectrum where “flux-flare” normally 
obstructs clear vision. Eye protection 
is afforded by the absorption by the 
special protecting glass of ultra-violet 
and infra-red rays generated during 
gas welding. 





critical time in our history, every- 
thing possible should be done to en- 
courage them. Potentially, every mem- 
ber of the American public is an in- 
ventor, and one American invention 
alone may win this war and bring us 
victory.” 

Mr. Deller urges that readers of 
Propuct ENGINEERING recommend to 
Congress that: 


1. For the duration, consider only 
such patent legislation as pertains to 
the war program and is limited to the 
war period. 

2. Immediate steps should be taken 
tu stop the campaign of discouraging 
and harassing inventors and patent 
owners. 

3. Immediate steps should be taken 
to encourage and assist inventors and 
patent owners in every way to do their 
utmost in making inventions which 
will improve our war effort, to provide 
the incentive implied in the spirit of 
the Constitution and the letter ef the 
law. 

4. After the war is over, a joint 
committee of the House and Senate 
should be formed to take testimony 
throughout the United States from in- 
ventors, manufacturers, those who f- 
nance and commercialize inventions, 
members of scientific and technical so- 
cieties, faculty members of engineer- 
ing and technical schools, and all oth- 
ers interested in our patent system, to 
ascertain what changes, if any, should 
be made in our patent laws. 


Propuct ENGINEERING will be glad 
to forward to the chairmen of both 
the Senate and the House Patent Com- 
mittees endorsements of the above 
program or any other communica- 
tions relating to patent legislation. 
Also, readers who wish to send such 
communications to their respective 
congressmen may have them for- 
warded by Propuct ENGINEERING. For 
the benefit of those readers who may 
wish to reach the committees direct, 
Senator Homer T. Bone (Dem., 
Wash.) is chairman of the Senate 
Patent Committee and Representative 
Frank W. Boykin (Dem., Ala.) is 


chairman of the House committee. 


Valuable Materials Saved 
By Recovering Overspray 


PAINT OVERSPRAY can be an important 
source from which to recover many 
materials now badly needed by in- 
dustry. Methods and apparatus for 
collecting paint overspray were shown 
at the National Chemical Exposition 
at Chicago, through the cooperation 
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of the Chicago Section of the Ameri- 
can Chemical Society, and the In- 
dustrial Salvage Branch. 

About 50,000,000 pounds of paint 
ingredients, it is expected, can be 
saved in 1943 through recovery meth- 
ods. Savings may be, in part, as 
follows: 








Amount 
Material in Lb. 

Pigments................ 29,573,000 
Phthalic anhydride........ 3,876,000 
ING hss o4 sexes cua 2,580,000 

axed sieciuaan aed 5,615,000 
Beno YOROW............00.. 2,825,000 
Glycerol phthalate resin. 1,630,000 
Phenol formaldehyde... ... 840,000 
SS eee 245 ,000 
Alkyd resins.............. 1,330,000 
Chlorinated rubber........ 238,000 
Ethyl cellulose............ 238,000 
Nitrocellulose............. 491,000 
Plasticizers............... 302,000 





Pigments contain metals such as 
chromium, zinc, lead, and iron, which 
are used in the production of alloys. 
Phthalic anhydride, glycerine, formal- 
dehyde and nitrocellulose are impor- 
tant in the production of explosives. 
There are sufficient vegetable oils to 
meet the needs of the United Nations, 
but natural gums are imported mainly 
from the Orient and Africa which 
means that the future supply is un- 
certain. 

It is believed that 30 percent of the 
paint used to spray items coming from 
war industry assembly lines can be 
recovered by effective measures. Aside 
from the material saved, reclaiming 
the collected overspray will cut down 
the cost of painting new war machines. 


Russian Dandelion Is Best 
Rubber-Bearing Plant 


ON THE BASIS OF INVESTIGATIONS made 
by the Department of Agriculture of 
Cornell University, the Russian dande- 
lion appears to be the most promising 
emergency rubber-bearing plant for 
growth in the Northern Hemisphere. 
Nearly 2,000 varieties of plants have 
been tested since March, 1942, in the 
search for native plants which might 
be sources of natural rubber. The B. 
F. Goodrich Company is helping to 
finance the project. 

A new, quick process to indicate the 
rubber and resin content in plants has 
been developed by the scientists. Only 
five minutes are needed to give an ap- 
proximate idea of the amount of na- 
tural rubber in plant tissues. Most of 
the plants so far examined show a 
tubber content too low for commer- 
cial use, but some contain sufficient 
resin to warrant further study. 
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Multiple-Message Cable 
For Signal Corps 


CoMMUNICATIONS between advanced 
military positions and headquarters 
are facilitated with a system, known 
as Spiral-4, newly developed by the 
Western Electric Company and Bell 
Telephone Laboratories. 

The basic idea behind Spiral-4 is 
that of “carrier” telephony by which 


several long distance messages can be 
transmitted simultaneously over a sin- 
gle set of conductors. Three telephone 
and four telegraph circuits are pro- 
vided by the four spiraling wires, 
which give the system its name. These 
wires are made up into a single rub- 
ber-covered cable about the thickness 
of a pencil. 

The cable is made up in quarter- 
mile lengths and connected with 
weatherproof connectors. Each length 
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A graphie story of how malleable 
iron is made and used, and its me- 
chanical properties, is being placed 
before engineering students in 30 lead- 
ing universities by the Malleable 
Founders Society, Cleveland. Two 
charts, each 40 by 60 in. are enclosed 
in glass-front cases. Actual castings 
and test bars are mounted in one case 
to show possibilities of casting design 
and service characteristics. The larg- 
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est casting, a 375-lb. axle housing, is 
pictured, but others down to a 14-in. 
sirap buckle weighing 0.0035 lb., are 
mounted in the case. The other chart 
shows the distribution by industries of 
malleable iron applications, with the 
automotive industry taking 54 percent. 
It gives metallurgical changes in pro- 
ducing malleable iron, chemical com- 
positions, annealing cycles, and me- 
chanical properties. 
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is snapped to a companion section as 
rapidly as it can be reeled off a mov- 
ing Army truck. With intermediate 
amplifiers, distances up to 150 mi. 
may be so spanned. 

Seven telephone and telegraph mes- 
sages are fed into an electronic instru- 
ment at either end of the line. This in- 
strument generates what are called 
“carrier” currents. Such currents re- 
tain their identity while intermingling 
freely in an electrical circuit. The mes- 
sages are then superimposed on the 


carrier current by a terminal mechan- 
ism and ride thus through the cable. 
Upon arriving at the receiving end 
the electronic device separates the 
message from the carrier current, dis- 
carding the latter. 

An interesting feature is that tap- 
ping of the Spiral-4 cable is impos- 
sible unless a duplicate of the elec- 
tronic receiving device is available. 
Without this device only an unintel- 
ligible mixture of squeeks and squeals 
is obtained. 





Discussions and Comments From Readers 


VEGA VENTURA WING SPAN 
IS 65 FT. 10 IN. 


To the Editor: 

In your article on page 181, March 
1943, on Vega Ventura, wing span is 
given as 25 ft. 10 in. This is appar- 
ently a mistake. I would like to know 
the correct wing span on this plane. 

—James R. Hastincs 
Project Engineer 
Romec Pump Co. 


[Eprror’s Note: This was an error, 
of course. The correct dimension for 
the wing span of the Vega Ventura is 
65 ft. 6 in. The dimension of 25 ft. 10 
in. refers to the span of the twin tail. ] 


“SHORT-CUT” PROCEDURE 
FOR PRODUCTION DELAYS 
SUGGESTED BY ROHLAND 


To the Editor: 


This is in return for the many help- 
ful hints I have found over many 
years in Propuct ENGINEERING. Many 
of your readers will be interested in 
a simple way to cope with embarrass- 
ing delays, red tape and snap judg- 
ment which often upset standards, 
production schedules and engineering 
responsibility. 

All corrections, changes, or im- 
provements of parts or drawings, sub- 
stitution of materials, improvised 
tools, items in the developing stage, 
or wherever a short-cut can clear a 
situation on short notice should be 
roughly sketched with information 
pertaining to it on a _ transparent 
paper, possibly letter size, and called 
an “Expedite Order.” 

This short-cut may originate any- 
where, from workman or any depart- 
ment head, to be submitted for merit 
and disposition to the “engineering 
department, standards and _ records 
division.” (This can be resketched to 
be clear and concise when approved.) 
If approved, it will have the assigned 
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part number or key number along the 
margin in large, readable symbols for 
indexing and identifying cost pur- 
chases and production control. This 
number becomes a provisional appro- 
val that work can proceed and pur- 
chases be made without delay by 
merely printing two blueprint copies 
and keeping the original record in the 
engineering department records, and 
forwarding the prints through pro- 
duction control for timely action 
throughout the plant. 

At a convenient later date, when 
the records, drawings, or specifica- 
tions are caught up with, this “ex- 
pedite order,” having ‘served its pur- 
pose, is taken out of circulation. 

This will simplify routine detail in 
keeping the records straight, fix the 
responsibility where it belongs, save 
valuable time, letter writing, phone 
calls, and misunderstandings. 

The essence of this “short-cut” is to 
prepare for “ifs” and “whens” by in- 





telligent decisions within four hours 
from department to department 
through which the work must pass, 
Otherwise, it must be referred auto- 
matically to production control for 
action, serving as an information cen- 
ter and planning board. 

Work and departments are broken 
down and identified by symbol letters 
pertaining to: 

C for cartridges and department 

F for filters and department 

X for experimental and depart- 
ment 

Y for maintenance and depart- 
ment 

T for tools and department 

P for production and department 

E for engineering and depart- 
ment 

D for defense and department 


A number assigned thereto by “En- 
gineering” on the “expedite order” 
preceding the symbol letter or letters 
on the edge of:the sheet, means a part 
number. If the number follows the 
symbol letter or letters, it is an order 
or key number. The latter number is 
affixed by the purchasing department, 
indicating disposition, and the print 
is passed on to whom it may concern, 
production control keeping taps by 
using top or back of print for progress 
dates, thus: 

X 11-7-41/P 11-9-41/T 11-12-41. 

As an example, 12363CX will indi- 
cate the part number. C stands for 
Cartridge and X for Experimental. 
Again, if Y-123 is noted, it concerns 
an item to be charged to boiler up- 
keep, etc. —C. J. RowLanp 

Project Engineer 
Fram Corporation 





Activities Among 


ZINC-BASE DIE CASTERS 
WARNED TO ADHERE 
TO A.S.T.M. STANDARD 


WPB and the American Society for 
Testing Materials are cooperating in a 
campaign to head off deterioration in 
the quality of zinc-base die castings. 
WPB made the first move by issuing 
an amended version of Aluminum 
Conservation Order M-1-i allowing die 
casters to use virgin aluminum in the 
three A.S.T.M. zinc-base alloys. 
The order rescinded a restriction im- 
posed in mid-1941 to conserve first- 
grade aluminum. Under the previous 
order, only second-grade aluminum 
wasallowable. 

Second step in the campaign is is- 


Technical Societies 


suance of an emphatic warning of the 
dangers of non-compliance with 
A.S.T.M.’s rigid specifications by the 
society’s subcommittee on zinc-base 
die-casting alloys. The committee, at 
the same time, recommended that Ten- 
tative Standard B86-41T be advanced 
to the status of a full standard. Ac 
ceptance of the recommendation is 
expected to follow as a matter of 
course at A.S.T.M.’s June meeting. 
Genesis of the problem lies in the 
formulation, about 1931, of the tenta- 
tive A.S.T.M. standard, which was 80 
rigid that more than seven parts of 
lead or five parts of tin in 100,000 was 
unacceptable. Development of 99.99 
percent pure zinc gave a shot in the 
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arm to zinc-base die casting which 
raised its output from a few thousand 
tons in 1931 to 150,000 tons in 1941. 

This vast increase in use tightened 
the supply situation in pure zinc to a 
point where substitutes had to be 
found, the most prominent of which 
was lead. But use of lead and zinc 
in the same plant will not work, for 
as little as 4% oz. of lead will con- 
taminate 100 1b. of pure zinc. An- 
other avenue of contamination was 
opened when OPM required the use of 
second-grade aluminum, for sources 
of pure second-grade aluminum soon 
dried up and forced the use of low- 
quality metal which boosted lead- 
impurity content of the zinc-base al- 
ley beyond the limits of the A.S.T.M. 
specification. With this contamination 
came embrittlement and dimensional 
instability of die castings, the faults 
which limited the use of zinc-base cast- 
ings before establishment of the ten- 
tative standard. 

In its warning on the dangers of 
failing to follow the standard rigidly 
the subcommittee pointed out: 

“Exclusion of lead and tin is par- 
ticularly important since their pres- 
ence makes the alloys susceptible to 
a type of corrosion which causes 
serious embrittlement and dimen- 
sional change of the castings. Main- 
tenance of the specified purity re- 
quires the use of special high-grade 
zinc and aluminum, copper and man- 
nesium of adequate purity.” 

The subcommittee emphasized that 
the tentative A.S.T.M. standard was 
developed after “a testing and ex- 
posure program on which the com- 
mittee spent over $10,000 and coop- 
erating companies many times this 
amount.” Now, twelve years later, its 
proposal to give the tentative stand- 
ard status of a full standard, is 
“thus based on extensive research 
and long practical experience.” 

From the point of view of their mili- 
tary use, it is easy to see why there is 
concern over the quality of zinc-base 
die castings. The armed services use 
thousands of them as carburetor and 
fuel pump parts for tanks and trucks, 
shell, bomb and hand grenade fuzes, 
gas mask fittings and in numerous 
other applications on combat equip- 
ment. It is absolutely vital that such 
items function perfectly. 

It is reasonable to believe that the 
armed services would make even 
broader use of this high-production 
method of manufacture if they could 
be assured of perfection in each 
item. Since the use of die castings 
saves many man and machine hours 
and cuts the amount of scrap per 
unit almost to nothing, elimination of 
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the danger of imperfect die castings 
would contribute a real war produc- 
tion asset. 

By an investigation of manufactur- 
ing facilities of individual die-casting 
plants, WPB plans to certify accept- 
able producers as capable of meet- 
ing the even higher standards re- 
quired for wider utilization of the die- 
casting process by the armed services. 
(Propuct ENGINEERING, February, p. 
66). 

Looking beyond immediate military 
needs, the subcommittee foresees dis- 
astrous results from the widespread 
use of zinc-base die castings if the in- 
tegrity of its specification crumbles 
and sloppy manufacturing practices 
prevail. 

“Today for non-military uses there 
is the same pressure in the die-cast- 
ing field as elsewhere to find substi- 
tutes for more scarce metals and this 
is apt to lead to the use of seriously 
inferior grades of metal,” the sub- 
committee warns. “Secondary alu- 
minum and copper can, of course, 
be employed if they are free from the 
objectionable impurities, but experi- 
ence has shown that only scrap which 
has been melted down, cast into pigs 
and analyzed can safely be used due 
to the danger of small amounts of 
solder, foil, etc. finding their way 
into even selected scrap. 

“Experienced manufacturers and 
users of zinc die castings realize that 
even under the stress of today’s emer- 
gency, it is short-sighted to put on 
the market parts which will not give 
satisfactory service, and are not using 
zinc die castings unless they can be 
produced to A.S.T.M. standard speci- 
fications. 

“Tt is timely to post a clear warn- 
ing today to those less experienced 
die casters and users of die castings 
that the provisions of these specifica- 
tions are based on clear-cut knowl- 
edge of the permissible limits of com- 
position and that deviations from the 
specified maximum impurity limits, 
especially in the case of lead and tin, 
even in amounts which seem insig- 
nificant to the layman, may prove to 
be disastrous. These specifications, if 
observed, will insure the quality on 
the basis of which zinc die castings 
increased from a few thousand to 
150,000 tons in 10 years. If ignored, 
trouble is inevitable.” 


USE OF STANDARDS PROMOTES 
CONTROL OF RAW MATERIALS 

Wide distribution of standards of 
types, qualities and dimensional tol- 
erances of raw material is welding 
thousands of scattered former pro- 
ducers of miscellaneous civilian prod- 


ucts into a huge military aircraft in- 
dustry. This was indicated by the re- 
cent announcement of the Society of 
Automotive Engineers that the 1,500,- 
000th copy of the SAE Aeronautical 
Materials Specifications had been put 
into circulation. These specifications 
standardize requirements for raw ma- 
terials utilized in the manufacture of 
aircraft engines, propellers,. acces- 
sories and frames. Distribution of 
American Society for Testing Mate- 
rials standards is also on the increase. 

Significance of this is that many 
manufacturers who never before were 
concerned with raw material testing 
are now establishing laboratories to 
do this work. Thus, better design and 
more efficient use of materials are the 
result. 





Meetings 


Society of Aeronautical Weight En- 
gineers—Annual conference, May 17- 
19. Hotel Adolphus, Dallas, Texas. 


Society of Automotive Engineers— 
Diesel engine and fuels and lubri- 
cants meeting, June 2-3. Hotel Carter, 
Cleveland, Ohio. 


Society of Automotive Engineers— 
War matériel meeting, June 9-10. 
Hotel Book-Cadillac, Detroit, Mich. 


American Society of Mechanical 
Engineers — Semi-annual meeting, 
June 14-16. Hotel Biltmore, Los An- 
geles, Calif. 


American Society for Testing Ma- 
terials—Annual meeting, week begin- 
ning June 28, Hotel William Penn, 
Pittsburgh, Pa. 





Do You Know That— 


BOARDS ARE JOINED together edge-to- 
edge by setting glue only in spots 
along the joints, with high-frequency 
radio waves used to set the spots, in 
a new gluing process known as spot 
welding. (16) 


SoME woops, such as red oak, are 
so porous that a candle may be blown 
out through them. (17) 


SusstituTes have replaced strategic 
materials in more than 1,000 parts in- 
volved in telephone manufacture. Thus, 
the annual rate of use of aluminum 
has been cut by 90 percent, crude 
rubber usage has decreased by 80 per- 
cent, zinc by 75 percent and copper 
by 70 percent. (18) 
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Books and Bulletins 





Aircraft Detail Drafting 


NorMAN MEADOWCROFT—21]1 pages. 
Blue clothboard covers. Published 
by McGraw-Hill Book Co., 330 West 
42nd St., New York, N. Y. Price $2.25. 


Although the title would indicate 
that this book is limited to the aircraft 
field, the material presented should be 
useful in many other industries. It is 
an amplification of a course in aircraft 
drafting standards presented at the 
University of California at Los An- 
geles as part of the war-training pro- 
gram of 1941 and 1942. Considerable 
attention is given to the materials and 
processes used in aircraft construction 
and it is these parts of the book which 
have general interest. The author’s 
philosophy is that a man is a better 
draftsman if he knows the physical 
characteristics and limitations of the 
materials available. Practical drafting 
examples and assignments from air- 
craft construction are given. Numer- 
ous illustrations leave no room for any 
question in the reader’s mind. 


A.S.T.M Standards — 1942 


Published by the American Society 
for Testing Materials, 260 South Broad 
St., Philadelphia, Pa. Blue clothboard 
covers. Part I, Metals, 1,690 pages; 
Part II, Non-metallic Materials—Con- 
structional, 1,528 pages; Part III, 
Non-metallic Materials — General, 
1,684 pages; Index, 225 pages. Price 
of each part to members, $6; to non- 
members, $9; index free on written 
request. 


Part I covers standards for ferrous 
and non-ferrous metals, except meth- 
ods of chemical analysis, and general 
testing methods. Included are 220 
standards, 136 tentative standards and 
5 emergency standards. Part II covers 
standards for cementitious materials, 
concrete and aggregates, masonry 
building units, ceramics, pipe and tile, 
thermal insulating materials, timber 
and timber preservatives, paints, var- 
nishes and lacquers, road materials, 
waterproofing and roofing materials, 
soils, thermometers and general test- 
ing methods. There are 293 standards, 
108 tentative standards and 13 emer- 
gency standards included. Part III 
cevers standards for fuels, petroleum 
products, electrical insulating mate- 
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rials, rubber, textiles, soaps and deter- 
gents, paper, plastics, water, ther- 
mometers and general testing methods. 
Included are 197 standards, 150 ten- 
tative standards and 1 emergency 
standard. 

The index enables any of the speci- 
fications and tests to be easily located 
and shows whether or not standard 
specifications, test methods or defini- 
tions covering a particular engineer- 
ing material or subject have been is- 
sued. All items in the index are listed 
under appropriate key words accord- 
ing to the particular subjects they 
cover and, as a convenience, a list of 
the specifications and tests in numeric 
sequence of their serial designations 
is given. 


Die Casting for Engineers 


Published by New Jersey Zinc Co., 
160 Front St., New York, N. Y. Gray 
clothboard covers, 148 pages. Price $1. 


In the preparation of this book every 
effort was made to present an impar- 
tial analysis of all of the many alloys 
used in die casting so that intelligent 
use can be made of the inherent ad- 
vantages of this process. Essentially, 
the book is written for engineers who 
have not been in close touch with die 
casting in recent years. Students could 
also well afford the time necessary to 
study the volume. It is carefully and 
thoroughly prepared. Chapters cover 
history and growth of die casting, 
principles and history of die-casting 
machines, alloys for die casting, ele- 
ments of die construction, die-casting 
applications, specifications, inspection 
and tests, methods and tools for flash 
removal, machining practice, jigs and 
fixtures for machining die castings, 
finishes for die castings and design of 
die castings. A complete index is also 
included. Profuse and detailed illustra- 
tions help considerably to make the 
text clear. 


Principles of Electron Tubes 


HERBERT J. REICH—398 pages, 6x9 
in. Published by McGraw-Hill Book 
Co., 330 West 42nd St., New York, 
N. Y. Price, $3.50. 


Beginning with the physical con- 
cepts of the subject, the text book cov- 
ers the various phases of electronics 





dealing with electron tubes. Many cir- 
cuits and tubes are illustrated. Partic- 
ular mention should be made of the 
material on frequency modulation, a 
subject that is most timely, and the 
chapter on light-sensitive tubes and 
cells. There are also chapters on meth- 
ods of analysis of vacuum tubes and 
vacuum-tube circuits, analysis and de- 
sign of amplifiers, and glow and arc- 
discharge tubes. 

Dr. Reich, who is professor of elec- 
trical engineering at the University of 
Illinois, has attempted to produce a 
book suitable for both class-room and 
home-study use, and to simplify much 
of the mathematical side of the sub- 
ject. 


Manual on Assembly Gluing 


Published by Society of the Plastics 
Industry, Inc., 295 Madison Ave., New 
York, N. Y. Gray cardboard covers, 19 
pages. Price $1. 


Synthetic-resin glues differ from the 
older types of glues in many respects and 
therefore require different techniques. 
This manual has been prepared by the 
Resin Adhesives Division of the Tech. 
nical Committee of the Society of the 
Plastics Industry to promote the proper 
use of phenol- and urea-formaldehye cold- 
setting resin glues for assembly of air- 
craft, marine and other structures where 
the joint carries a structural load. It dem- 
onstrates how successful assembly or sec- 
ondary gluing is the result of proper de- 
sign in construction of the parts, full 
knowledge of the working properties of 
the materials used and a high degree of 
skill in handling. 


Army-Navy Aeronautical Standards 


Issued by Working Committee of the 
Aeronautical Board, 4840 Navy Building, 
Washington, D. C. 8 pages. 


This is the February 1 supplement to 
the Aeronautical Board index dated Nov. 
1, 1942, and lists all new Army-Navy aero- 
nautical standards issued since that date. 


Hardness of Tin-Base Alloys 


W. T. Pert-Watpote. Published by Tin 
Research Institute, Fraser Road, Green- 
ford, Middlesex, England. 17 pages. 


The effect on hardness, produced by 
quenching from the highest practicable 
temperature followed by prolonged tem- 
pering at 100 deg. C. and 140 deg. C,, 
was examined for 80 tin-base alloys con- 
taining 4 to 14 percent antimony and 0 
to 10 percent cadmium. Results of Vickers 
diamond-pyramid hardness tests, recorded 
in this paper, show that these alloys can 
be hardened by heat treatment and main- 
tain a useful degree of improvement for 
at least 1,000 hr. at 100 to 140 deg. C. 
Hardness values of 33 to 34 were ob- 
tained, compared with 26 to 30 for the 
same alloys in non-heat-treated condition. 
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TRANSPORTATION ~a vital war factor 


The effectiveness of our armed forces and civilians 
alike depends on the effictency of our transportation 








s the battle of Tunisia entered its final phases, with 

the British and American forces joining hands 

io crowd Rommel into his last fox hole, Hitler and 
Mussolini held their tweifth war-time -meeting. 

One important purpose of this meeting, according 
to the Berlin radio, was the study of a specially pre- 
pared “Survey of Continental Reserves”. ‘lopping this 
list of resources is the item of transportation. 

Hitler has a great many headaches these days but, 
according to no less an authority than the Reich Min- 
istry of Economics, “the central problem of the whole 
German war effort is transportation”. It is, in fact, the 
Achilles’ heel of Germany’s War Machine. 

The Nazis have become 
soberly conscious of its 





known method, every type of vehicle becomes essential, 
for no single group of carriers, freight or passenger, can 
meet all our needs. 

The railroads opened the vast resources of our nation 
and continue to be the backbone of our transportation 
system. ‘loday they are doing the greatest job in their 
history. ‘hey are hauling more tons of freight more 
miles than ever before — 33% more than in 1941 and 
55% more than in 1918, peak year of the first World 
War. ‘hey are carrying more passengers more miles 
than ever before — 80% more than in 1941 and 24% 
more than in 1918. ‘They are getting more work out of 
cach car, cach engine, and each mile of track than ever 

before. Private operation of 
railroads is proving far 





cucial importance and Mr. 
Hitler must wince when he 
recalls the gigantic miscal- 
culations which led him to 
neglect his railways. 

He counted on a short 
war, not a long wear-and- 
tear war and Germany’s 
transportation crisis is get- 
ting more critical by the 
hour. It will play a_ vital 
part in its defeat. 

This is a war of move- 
ment—on land, on sea and 
in the air. Russia’s 2,000 
mile battleline, R.A.F.’s 





This is the eleventh of a series of edito- 
rials appearing monthly in all McGraw- 
Hill publications, reaching more than 
one and one-half million readers, and 
in daily newspapers in New York, Chi- 
cago and Washington, D. C. They are 
dedicated to the purpose of telling the 
part that each industry is playing in the 5 
war effort and of informing the public 
on the magnificent war-production ac- 
com plishments of America’s industries. 


more effective and efficient 
in this war than did govern- 
ment operation in the last 
War. 

In contrast to Hitler’s 
Germany, the managers of 
the American railroads have 
not neglected their plant 
except where government 
priorities forced them to do 
so. ‘They are turning in an 
unprecedented performance 
despite the long starvation 
period to which they were 
subjected. During the first 
World War the total invest- 








00 mile bombing raids, 
General Montgomery’s 
1500 mile advance last 
November and the vast area that constitutes the theatre 
of war in the Pacific make this fairly obvious. 

Peace will come when one side gets control over the 
world’s supply of fuel, oil and rubber, for on these 
thtee critical materials depend all the vehicles of war — 
8 well as of peace. 

An army used to travel on its stomach. Today it 
travels on its fuel tank. . 

On the home front, transportation is no less vital. 
Here it is essential in getting the war workers, their 
law materials and their products, to and from the 
mines, mills and factories that supply our armed forces 
and those of our Allies. Transportation issa major factor 
i the nation’s ability to out-produce its enemies. Every 





ment in the American rail- 
road plant was about $18,- 
600,000,000. Since then 
$12,000,000,000 have been spent on improvements 
and after deductions for scrapped facilities the net 
increase has been $8,000,000,000. Since the present war 
in Europe began the railroads have invested about 
$1,650,000,000 in further improvements, many of them 
to meet special war needs. 

Convincing evidence of the railroads’ flexibility in 
meeting the special needs of all-out war is their per- 
formance in coping with the movement of oil to the 
East Coast. In January 1942, one month following 
Pearl Harbor, the railroads delivered to the East Coast 
by tank car less than 100,000 barrels daily. By De- 
cember they had stepped this up to more than 740,000 
barrels and during the week ended April 3, 1943 they 











averaged more than 900,000 barrels per day. By the end 
of this year they are shooting for the goal of one million 
barrels a day. 

Unlike Germany we have not attempted to control 
the development and growth of motor transportation 


according to the “intuitions” of one man but have 
wisely left it in the hands of experienced competition. 
That is how our highway transportation system came 
into being. Growing public acceptance has made it an 
essential part of our national economy. 

‘The motor vehicle, its limitations set only by the 
improved highway and the supply of fuel and rubber, 
has developed to undreamed of proportions. Up to a 
year ago private automobiles consistently moved more 
people more miles than all public carriers combined. 
Buses have become an accepted means of mass trans- 
portation. Local electric and interurban railways in 
many cases were converted to bus lines and trucks took 
over the local freight services. Under these improved 
operating conditions traffic volume increased. When 
the war in the Pacific made it necessary for us to con- 
serve our supply of rubber and the U-boat depredations 
in the Atlantic throttled the flow of gasoline to the 
eastern seaboard, our motor transport was forced to 
grapple with the toughest problem that ever had con- 
fronted it since it became so vital a factor in the every 
day transportation. 

The “share-the-ride” idea recognizes the need of con- 
serving gas, oil and rubber. ‘This particularly applies to 
buses, for wherever groups can be assembled for a com- 
mon destination, buses can be used most effectively. 
The intercity bus performs for the rural areas the same 
service that the local bus renders for the residential 
areas of our cities. 

Reorganization of railroad schedules, adaptation of 
motor transport, rearrangement of working hours, all 
have contributed to provide a flexible transportation 
service for men and materials to meet the critical needs 
of the war effort. ‘Twenty thousand intercity buses are 
handling 635 million passengers a year which is 69 per 
cent more than in 1941. The fact that these buses carry 
a relatively larger percentage of the total coach passen- 
ger business than their seating capacity would indicate 
suggests that here, too, we are getting a more efficient 
use of these vehicles in terms of passenger loads car- 
ried. It is fortunate to note that the geographic location 
of most intercity bus lines does not coincide with that 
of the railroads but rather supplements it. 

The contribution which the urban transport industry 
is making to the war effort becomes apparent when we 
consider that buses, trolley buses and street cars today 
carry passengers at a rate which promises to exceed the 
impressive total of 21 billions, as compared with 18 
billions in 1942 and an average of 13! billions for the 
period 1936 to 1941. And this the industry is accom- 
plishing with a minimum of added equipment and 
despite a serious drain on its manpower. 

The truck lines, too, are setting all-time records. 
They have rearranged their schedules, eliminated cir- 


cuitous routes and coordinated their services with: those 
of other carriers. As this is written, contract truckers 
with the cooperation of the Office of Defense ‘Trang. 
portation are trying to eliminate the empty return trip, 

The transportation industry as a whole is face to 
face with the biggest job in its history. increasing traf. 
fic loads, with little if any new equipment, difficulty in 
obtaining essential maintenance materials and i grow. 
ing shortage of manpower, combine to make it “th 
W Thile federal authorities, acting through the Office of 
Defense ‘lransportation, took ‘prompt cognizance of 
this condition, froze equipment and otherwise acted 
to conserve the vehicles then in service, it was not pos. 
sible to add sufficient vehicles to keep pace with the 
increased trafic demand. However, the O.D.T. did 
lend impetus to the movement for staggering hours of 
work thereby spreading the peak loads and thus in. 
creasing the carrying power of existing fleets of vehicles 
in city service. 

As we review the problems involved in meeting our 
transportation needs it is evident that we cannot de. 
pend upon new equipment alone for their solution, 
Lend-Lease is taking a considerable share of our much 
needed output of transportation equipment. ‘The in- 
mediate job is up to the rank and file of the transporta- 
tion industries. It is up to their resourcefulness and 
devotion to their job. ‘The operating men out on the 
road, the men in the shops who keep the equipment 
going, who make the most of the metals and other 
materials they can have, who salvage, conserve and 
economize ... these are the men who must bear the 
burden of our war load. 

Theirs is a dramatic story, a story of cooperation and 
coordination . . . of ever increasing capacity on a shoe 
string allowance of new equipment. 

For this is a war of movement. According to Joseph 
B. Eastman, Director of Defense ‘Iransportation, both 
the passenger and the freight trafic on the railroads 
is to a large extent war traffic — the transportation of 
troops and civilians on war business, the movement of 
food, raw materials and finished products required for 
the prosecution of the war. As Mr. Eastman put it, 
delayed arrival of troops at embarkation ports, delayed 
delivery of vital war materials could even conceivably 
mean the loss of men at the fighting front. And what 
Director Eastman says of the railroads applies to all 
forms of transportation. ‘Itansportation by bus, bi 
street car, by truck, by train, by ship and by plane . . 
all play a vital part in the achievement of victory . .. 
on the home front and on the fighting front which 
relies upon it. 





President, McGraw-Hill Publishing Company, Inc 
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| New Materials and 








Variable Speed Control 
Takes Less Mounting Space 


New unit in a line of variable speed- 
control equipment is a reducer type 
transmission which consists of a 
standard variable-speed transmission 





with a built-in speed reducer. One 
feature of this drive is that less mount- 
ing space is needed to obtain the lower 
rate of speed. The unit is available 
in two enclosed designs—horizontal 
and vertical—and may be mounted 
in any position. Each type is available 
in a wide range of speeds and in 
capacities from 1 to 74% hp. In various 
sizes the transmission produces ratios 
of speed variation from 2:] through 
12:1 and the reduction gears provide 
ratios up to and including 6.9:1. Speed 
changes are made by turning a hand 
wheel or, if automatic regulation is 
desired, by mechanical or hydraulic 
leeds. The reduction gears are mount- 
ed on the variable shaft of the trans- 
mission, which serves as the input 
shaft for the reducer unit. Assembly of 
the reducer unit may be made in 
many different positions. The gear- 
reduction unit, which is built integral 
with the transmission, has been spe- 
cially developed for the torque-de- 
mands of variable-speed service. Al- 
lowance has been made in size for 
overload in starting and momentary 
peak loads. The shafts of the reducer 
are mounted on heavy-duty ball radial 
bearings and are made from high-car- 
bon steel. The helical type of gear 
reducer has been adopted and all ro- 
tating parts are flash lubricated. In 
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either horizontal or vertical designs 
the transmission may be equipped for 
individual motor drive. The motor 
mounting is on top of the transmis- 
sion frame and connection between 
the motor and constant-speed shaft of 
the drive may be either by silent or 
roller chain and sprocket. multiple 
V-belts or pinion and gears. Reeves 
Pulley Co., Columbus, Ind. 


Compression Yield Strength 
Determined by Jig 


Single sheets can be tested for yield 
strength in compression with a new 
jig. The sheet is supported in the 
jig as shown in the illustration with 
many small rollers. The extensometers 
are attached to the edges of the sheet. 
Testing of the material in single-sheet 
form requires a smaller load and sim- 
plifies the testing technique. Baldwin 
Locomotive Works, Philadelphia, Pa. 





Sponge-Rubber Gasket 
Has Rubber Coating 


Either natural rubber or Ameripol 
synthetic rubber can be had as a 
coating for a sponge-rubber gasket. 
These gaskets are now being used only 
in war products but after the war it 
is expected that they will find wide 
use on such products as refrigerators 
and automobiles. The gasket is made 
by feeding strips of sponge rubber 
into a special extruding machine to 
obtain the smooth covering of either 
natural rubber or Ameripol. The fin- 
ished gasket is available in round, 





square and rectangular shapes and is 
most practical at present in widths 
not smaller than 4 in. or larger than 
14% in. Maximum production length 
is 12 ft., but splicing to any desired 
length is possible. It can also be pro- 
duced with a lip for attachment. The 
gasket has a lower permanent set than 
the tubular type heretofore used on 
refrigerators and automobiles and is 
as soft and compresses as well as the 
previous type. When Ameripol is used 
as a coating material the new gasket 
withstands the action of oils and 
greases. B. F. Goodrich Co., Akron, 
Ohio. 


Electronic Level Control 
For Hazardous Locations 


Designed particularly for mounting 
in locations where conductive liquids 
of an explosive nature are used is a 
series of electronic level controls. Two 
models, Types PISNHX and PISNLX, 
are available for high- and low-level 
control, respectively. Each is furnished 
as a complete unit in a vapor-proof, 
cast-iron housing. A l-in. nipple is 
screwed into the hub at the bottom of 
the control housing and into a 1-in.' 
flange on top of the tank. From the 
control a probe rod projects through’ 
the nipple and into the tank to the 
desired depth. The upper level is con- 
trolled when the liquid rises and con- 
tacts the probe tip and the lower level 
when the liquid drops below the probe 
tip. Both models incorporate a safety 
feature préviding for operation of the 
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relay in case of current or tube failure. 
The relay connections of the two mod- 
els are those of a single-pull, double- 
throw switch. The contacts are rated 
at 1,000 watts, a.c. Of interest is the 
use of Type PI5NHX to control the 
level of any conductive liquid, such 
as water or acid, in tanks of gasoline, 
oil or similar non-conductive liquids. 
In this application the control remains 
inoperative, while the probe is im- 
mersed in the non-conductor; but 
when the conductive liquid rises to the 
probe tip the relay operates. Both 
types are available for operation on 
230, 208 or 115 volts, 60 cycles, a.c. 
Photoswitch, Inc., 21 Chestnut St., 
Cambridge, Mass. 


Work Lights Can Be 
Adjusted in Any Position 


Adjustment in any desired position 
is a feature of the Swivelite machine- 
lighting unit. A patented spring con- 
struction inside the swivel base and 
inside the socket keeps the unit from 
working loose or dropping down. The 
socket adjusts to a full 90-deg ver- 


- . 
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tical range and rotates 350 deg. hori- 
zontally. The arm in the base also 
has a 90-deg. vertical adjustment and 
350 deg. horizontal range. Wires are 
inclosed in the unit. There is a choice 
of spring and socket combinations and 
arm lengths available. Lamp Devices 
Co., Dept. PRE, 410 Sixth Ave., New 
York, N. Y. 


Blower Is Made 
From Non-Critical Materials 


Refinements in design have made 
possible the fabrication of the hous- 
ing of Model No. 3 blower in one 
molded piece of high-impact plastic, 
capable of withstanding 110 deg. C. 
Compactness, efficiency and flexibility 
were important factors in the develop- 
ment of this unit. The motor plate is 
ds in. thick laminated-paper faced ma- 
terial with high polish. The wheel is 
a turbo type, 3 in. in diameter where 
zinc plated, 14 or Ye in. bore with 
two set screws at 90 deg. angle in the 





hub. The weight of the housing and 
wheel is 12 oz. The motor plate is 
assembled to the housing with five 
screws, provided with lock washers. 
The motor plate and housing design 
facilitate the use of brackets or plates 
for mounting on the motor. Dimen- 
sions are 633x514x21% in. Reference 
to a chart quickly provides such es- 
sential data as motor power and speed 
required to produce a specified output 
at a stated static pressure. L-R Manu- 
facturing Co., Dept. 8, Torrington, 
Conn. 


Spring Units 
Made Up of Cells 


Construction by connecting single- 
spring cells is the feature of a new 
line called Unit-Springs. Included is 
an arrangement for connecting the 
cells. Each spring is held firmly in 
place and has a full rotating motion. 








All parts are made of brass with al- 
loy-steel springs. Each cell deflects 
independently but the cells are fabri- 
cated into a unit on the principle of 
a mattress. The general-purpose unit 
shown is now available on priorities 
of A-l or better. This unit has a 
100-lb. load capacity and measures 
21/x2x5% in. Any cell can be removed 
and the base drilled to take an anchor 
bolt, tightened to the point of starting 
deflection. This is approximately 11 
lb. per spring. Each spring seats at 
a 14-lb. load. Any load can be floated 
by placing the proper number of 
100-lb. unit springs together on a 
balanced footing. Static elimination 
can be easily provided by a plate of 
ordinary insulating material. A group 
of 36 unit springs will occupy ap- 
proximately 1 sq. ft. and will float 
3,600 lb. Construction of the unit 
for curved or uneven surfaces to radii 
up to 2 in. is possible. Rande Special- 
ties Co., P. O. Box 708, Hoboken, 
T 


N. J 


Condenser Redesign 
Creates New Line 


Redesign of a line of evaporative 
condensers to use a minimum of crit- 
ical materials and to increase adapt- 
ability to essential wartime applica- 
tions has led to the creation of a new 
line of evaporative coolers and con- 
densers. The new line consists of 
various combinations of two basic as- 
semblies—the spray cooler and the 
fan. For condenser models, an exter- 
nally mounted refrigerant receiver is 
supplied. Outstanding feature of the 
line is the design of the nested heat- 
transfer coil assembly composed of 
individual lightweight coil sections, 
illustrated, which are easily removed 
and disassembled for cleaning or re- 
finishing. Each standard unit consists 
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of one or more basic spray-cooler sec- 
tions, plus one or more fan sections 
and small subassemblies. These units 
are separately demountable and are of 
steel construction, arc welded through- 
out. A sand-blasted steel casing and 
frame is finished with three baked 
coats of phenolic-resin base enamel 
and one air-dry coat of blue-gray 
enamel. The heat-transfer assembly is 
standard weight, bare pipe, Bonder- 
ized and finished with three coats of 
phenolic-resin base enamel. Basic rat- 
ings of the units are as follows: 
Water, from 250,000 to 3,000,000 B.t.u. 
per hr., gross heat removal effect 
based on 78 deg. F. entering air wet 
butb temperature, 136 deg. F. average 
water temperature, 10 deg. F. tem- 
perature rise; for oil, 60,000 to 720,- 
000 B.t.u. per hr., gross heat removal 
effect based on Houghton No. 2 
quenching oil, 78 deg. F. entering air 
wet bulb temperature, 110 deg. F. 
average oil temperature, 5 deg. F. 
temperature rise. Basic rates range 
from 67,750 to 813,000 B.t.u. per hr., 
or from 5.7 tons to 67.8 tons. Net re- 
frigeration effect is based on 78 deg. 
F, entering air wet bulb temperature, 
105 deg. F. condenser unit tempera- 
ture, and 40 deg. F. evaporating re- 
frigerant temperature. General Elec- 
tric Co., Bridgeport, Conn. 


Hydraulic Pumps Designed 
For High-Pressure Operation 


Available in three sizes ranging 
from 24 to 60 gal. per min. are three 
new constant-delivery hydraulic vane- 
type pumps designed especially for 
high-pressure operation. The new 
Compound Pumping development is 
also incorporated to increase the ca- 
pacity by as much as 30 percent with- 
out increasing the overall size of the 
housing. Maximum continuous operat- 
ing pressure of standard pumps is 
1,250 Ib. per sq. in., but the pumps 
are also available for operation at 
considerably higher pressures. Pres- 
sures as high as 2,000 lb. per sq. in, 
can be handled without damage or 
overheating. Use of dual vanes 
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counterbalances the outward pressure 
of the vanes and prevents overheating 
and wear at extremely high pressures. 
Two vanes are used in each slot in- 
stead of a single vane. Each of these 
is ground with a bevel so that oil 
under full pressure can reach the out- 
ward end of each pair of vanes. Com- 
pound Pumping consists essentially of 
using the ends of the vanes nearest 
the shaft to function as a piston-type 
pump. Each of the three pumps is 
available in capacities ranging from 
2% to 12 gal. per min. 13 to 30 gal. 
per min. and 37 to 60 gal. per min. 
All three pumps are available with 
foot mounting and the two smaller 
pumps can be had with a motor- 





adapter mounting. Moving parts, such 
as vanes, rotor and shaft, are made 
of hardened and ground alloy steel, 
as is the stator. The housing is of a 
special leak-proof alloy. Aproximate 
overall diameter and length for the 
three types respectively, are 3x6%, 
434x8, and 634x13 in. Hydra-Motive 
Div., 723 E. Milwaukee Ave., De- 
troit, Mich. 


Connector Is Adaptable 
For Many Types of Tubing 


Designed for manufacture from nu- 
merous metals, making it adaptable 
for use with almost any type of tub- 
ing, is the Superseal tubing connector. 
A small, 10-deg, tapered cone pro- 
vides greater heating area for the tub- 
ing flare. The fitting can be used with 
welded, brazed or seamless steel tub- 
ing and with all non-ferrous tubing. 
It can be used on such lines as oil, 
gas, air and chemical. At present it is 





made of steel in sizes up to and in- 
cluding 1% in. O.D. and of malleable 
iron in sizes 55 in. O.D. and larger. 
The standard protective coating for 
fittings at present is a Parkerizing 
wax finish. Grinnell Co., Superseal 
Div., Providence, R. I. 


Impregnating and Coating 
Material for Felt 


Eight new types of impregnating 
and coating material for felt have 
been added to a recently announced 
line of these materials. Each has defi- 
nite applications which can best be 
determined by the user and has spe- 
cific properties and characteristics. 
These materials can be fabricated in 
any size to any shape and made in 
any quantity. They can be used for 
cushioning, insulation, abrasion re- 
sistance, vibration resistance, gaskets, 
washers, grommets, headers and buf- 
fers. Automotive Rubber Co., 8601 
Epworth Blvd., Detroit, Mich. 


Variable Transformer 
Has Many Uses 


Among the uses for the Powerstat, 
an auto transformer for varying out- 
put voltage from a.c. power lines, are 
electric furnace control, induction 
motor starting and speed control, 
theatre-lighting control, display win- 





dow-lighting control, laboratory and 
shop line-voltage control and radio 
transmitter-voltage control. Three 
models, Type 1126, Type 1226 and 
Type 1256, are available. The first 
of these has an input of 115 volts, 
50 to 60 cycles and an output of 2.09 
kva. Maximum rate of output current 
is 15 amp. available over the range of 
output voltages, from 0 to 135 volts. 
The no-load power loss is 16 watts, 
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overall dimensions are 8x8x7% in. 
and the net weight is 20% lb. Type 
1226 has an input of 230/115 volts, 
50/60 cycles and an output of 2.4 kva. 
on a 230-volt line. Maximum rated 
output current is 9 amp. available 
over the output voltage range of 0 to 
270 volts. The no-load power loss is 
16 watts, overall dimensions are 
8x8x834 in. and the net weight is 
24% |b. Type 1256 has an input rat- 
ing of 230/115 volts, 50/60 cycles and 
an output of 7.5 kva. on a 230-volt 
line. Maximum rated output current 
is 28 amp. available over the entire 
output voltage range of 0 to 270 volts. 
The no-load power loss is 40 watts, 
overall dimensions are 1434x1434x18 
in. and the net weight is 66 lb. Su- 
perior Electric Co., Bristol, Conn. 


Photo-Electric Controls 
Cover Many Requirements 


Basic design of the Series 70 photo- 
electric controls is such that practi- 
cally all installation requirements can 
be satisfied. Four models are included 
in the series and each has a contact 
capacity of 3 amp. with a current rat- 
ing of 110 volts, 60 cycles, a.c. Model 
76 incorporates a two-tube amplifier 
and is designed for applications re- 
quiring a highly sensitive unit. A non- 
inductive Microswitch mounted on a 
sensitive relay increases the contact 
capacity of each model to 10 amp. 
Operation speeds range up to 10 per 
sec. and weight is 1] lb. Minimum 
light required for operation .ranges 
from 4 foot-candles to 4% foot-candle. 
Series 18 light sources are supplied 
in two types, both with lens focal 
length of 2. 4 or 6 in. One type does 
not have a transformer, and the oper- 
ating current is supplied by the con- 
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trol. The other type has a transformer 
and operates on 110 volts, a.c. Hous- 
ings are the same for both series and 
are made of 16-gage drawn steel, fin- 
ished in gray wrinkle. Cork gaskets 
provide for weather resistance. United 
Cinephone Corp., Torrington, Conn. 


Circular Slide Rule 
Fits Vest Pocket 


Squares, square roots, logarithms, 
reciprocals, sines and tangents of all 
numbers can be found on the Mas- 
cot vest-pocket slide rule. The scales 





are circular and are on disks which 
are 234 in. in diameter maximum. 
The length of the multiplication-divi- 
sion scale is 6.3 in. The material used 
is white celluloid with black mark- 
ings, which can be easily washed 
with soap and water. Tavella Sales 
Co., 25 W. Broadway, New York, N. Y. 


Safety Extension Light 
With Guard 


Designed to be safe against shock, 
a safety extension light has a heavy 
fiber guard which serves as an on- 
and-off switch. When the guard is 
unscrewed, the current is cut off. 
The guard may be removed without 
tools so that the replacement of bulbs 
is simplified. Davis Emergency Equip- 
ment Co., 45 Halleck St., Newark, 
Rm. J. 


Electric Comparator Gage 
Has Four Ranges 


Close tolerance inspections can be 
made with the Type 1A electric com- 
parator gage which can be set to size 
in less than 20 sec. by using a master 
part or gage block. This makes pos- 
sible the rapid comparison of close 
tolerance machined parts, selective 
sorting of machined parts, measuring 
taper and out-of-roundness and meas- 








uring sharp tools and gages for accu- 
racy and wear. Four ranges of sensi- 
tivity are available, +0.0002, +0.0004, 
+0.002, and +0.004. These ranges 
provide magnifications of 10,000, 
5,000, 1,000 and 500, respectively. 
Special scales with higher magnifica- 
tions and wider ranges can be pro- 
vided. Spindle pressure is variable 
from 2 oz. to 2 lb. The gage head 
swivels around the column and tilts 
at any angle, which is indicated on 
2 protractor. Metron Instrument Co., 
432 Lincoln St., Denver, Colo. 


Magnetic Reversing Switch 
Made As Single Unit 


Consisting of one contact assembly 
and two magnets to operate the mov- 
able contacts for “forward” and “te- 
verse”, a new magnetic reversing 
switch is made as a single unit. This 
type of construction eliminates all in- 
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ternal wiring. It is especially suited 
for heavy-duty service. Large, dou- 
ble-break silver contacts are used and 
pivots or bearings are eliminated. Rat- 
ing is up to 5 hp., single phase or 
three phase, and magnet coils can 
be furnished for any standard fre- 
quency and voltage up to 600. Overall 
dimensions are 12%¢x334x3 in. Furnas 
Electric Co., 444 McKee St., Batavia, 
Ill. 


Flux for Welding Magnesium 
With Gas 


Suitable for gas-welding all alloys of 
magnesium in sheet or extrusion form 
is a new flux known as Mag-Na-Flo. In 
use, the flux should be mixed by slow- 
ing pouring it into water while stirring 
until a thin paste results. Only enough 
for immediate use should be mixed, 
since the flux will crystalize if allowed 
to stand more than 10 to 12 hr. It is 
suggested that for best results the metal 
to be welded be painted with the flux, 
and the welding rod be dipped in it. 
The material is packed in glass con- 
tainers and is available in sizes ranging 
from 14 lb. to 25 lb. Park Stewart, 1051 
Carbis St., Worthington, Pa. 


Insulation Tester Has 
Self-Contained Generator 


Direct readings can be made from 
the Megger insulation tester which 
has a_ self-contained, hand-operated 
generator. No adjustments are neces- 
sary in order to obtain values and the 
accuracy is independent of the feed 
of the generator. Both variable- and 
constant-pressure types are being 
built. The case which incloses the 
complete unit is made of phenol-plas- 
tic material. Seven models are avail- 
able—No. 7671 has a range from 0 
to 20 megohms, and the variable- 
pressure generator has a rating of 100 
volts, d.c.;: No. 7672 has the same 
specifications. except that it has a 
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constant-pressure generator; No. 7673 
has a range from 0 to 50 megohms 
and a variable-pressure generator 
with a rating of 250 volts, d.c.; No. 
7674 is the same except that a con- 
stant-pressure generator is provided; 
No. 7675 has a range from 0 to 100 
megohms, with a 500-volt, d.c., vari- 
able-pressure generator; No. 7676 is 
the same as No. 7675 except that a 
constant-pressure generator is pro- 
vided; and No. 7679 has a range from 
0 to 1,000 megohms with a 500 volt, 
d.c., constant-pressure generator. Ap- 
proximate dimensions are 5x8x61% in. 
for Nos. 7671, 7673 and 7675, and 
5x834x6% in. for Nos. 7672, 7674, 
7676, and 7679. Weight of the units in 
the first group is approximately 7 lb. 
and of the units in the second group 
is approximately 8 lb. James G. Bid- 
dle Co., 1211 Arch St., Philadelphia, 
Pa. 


Power Take-Off Has Three 
Positions 
Heavier parts than have been cus- 
tomary for such equipment in the past 


are used in a new three-point power 
take-off designed especially for oil and 


gasoline tank trucks. The assembly is 
mounted in the truck chassis with the 
power take-off shaft upright or lying 
horizontally on either side of the ver- 
tical line. This gives the three posi- 
tions. Three drain plugs are provided, 
one opposite the base of the power 
take-off shaft and each of the others 
at 90 deg. to the first one. Thus there 
is always a drain plug at the bottom 
of the casing regardless of which 
mounting position is used. A manually 
operated clutch engages the drive 
shaft of either the truck or the take- 
off so that when one is used the other 
must be idle. The assembly is mounted 
behind the truck transmission, mak- 
ing available as many speeds for 
driving the take-off as there are for 
driving the truck. Van Vleck Mfg. Co., 
369 Riverside Ave., Newark, N. J. 


Relay for Aircraft Radio 
Equipment 


High-speed keying and _ break-in 
relay for aircraft radio equipment 
has a push-pull magnetic arrangement 
for a magnetic holding pressure on 
both transmit and receive contacts. 
Two windings are provided for one 
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of the poles—one a holding winding 
connected directly across the battery 
supply. The other is in series with 
the single winding on the other pole 
so that when the circuit is completed, 
the armature pulls up to the transmit 
position. By opening the key, the 
bucking flux is cut off, and the hold- 
ing flux pulls the armature back to 
receive position. Keys at 20 cycles; 
contact rating 1,000 volts at 30,000 
ft. 20 megacycles; 4-pole double 
throw; insulated for 10,000 volts at 
sea level; 12 and 24 volts d.c., stand- 
ard; wattage consumption 5.5 in first 
position and 17.0 in second position; 





withstands yibration to better than 
20 G.; insulation plate of high pres- 
sure steatite; weight of relay 17 oz.; 
dimensions 2%%x2%4 in. Allied Con- 
trol Co., 327 Fulton St., New York, 
N. Y. 


Double Action Relay Has 


Balanced Armature Control 


Constant vibration and _ sudden 
shock of mobile apparatus are with- 
stood by a double action interlocking 
relay which has a balanced armature 
control. The unit is available in vari- 
ous contact arrangements, or with Mi- 
croswitches in place of spring pile 
up. Capacities range up to 5 amp., 
110 volts a.c. rating; coil capacity is 
10,000 ohms each; contact forms or 
assemblies can be built up to 12 
springs on each side; size is 234 x 
1#x% in. Cook Electric Co., Chi- 
cago, Il. 
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Manufacturers’ Publications 








Gears—Philadelphia Gear Works, 
Erie Ave. and G St., Philadelphia, Pa. 
Catalog No. 42, 72 pages. Complete 
data on all types of gears and related 
products made by this company are 
included. Tables of dimensions, engi- 
neering data section and information 
required when ordering gears will be 
found. 


CopPpeR AND CopPer-BAsE ALLoys— 
American Brass Co., Waterbury, 
Conn. Booklet B-3, 32 pages. Cutting 
speeds, feeds, tool rakes and clear- 
ances for basic machining operations 
are suggested. Machinability ratings, 
tables of compositions, physical con- 
stants and physical properties of more 
than 40 copper-base alloys are given. 
Also included are weight tables, con- 
version factors and references to 
standard specifications. 


Drawinc Repropuction—Keuffel & 
Esser Co., Third and Adams Sts., Ho- 
boken, N. J. Bulletin, 8 pages. How 
to preserve, restore and duplicate 
original drawings by the Photact pro- 
cess is explained. 


Dre-Castinc—New Jersey Zinc Co., 
160 Front St., New York, N. Y. Book- 
let, 24 pages. Salient features of 
Zinc-alloy die casting are treated in 
question-and-answer form for the 
benefit of those unfamiliar with metal 
fabrication. 


Timers—R. W. Cramer Co., Center- 
brook, Conn. Bulletin 3000, 4 pages. 
Applications, construction, features 
and selection data on Multi-Contact 
timers are covered. 


BusHincs—Bushings, Inc., 8-155 Gen- 
eral Motors Bldg., Detroit, Mich. Bul- 
letin BU-8, 4 pages. Bushings and 
mountings available with rubber, rub- 
ber reclaim or synthetic insulating 
medium are described. Data sheet 
which is included separately shows 
cross-sections of numerous types of 
bushings. 


Motor Controt— General Electric 
Co., Schenectady, N. Y. Bulletin GES- 
1724D, 12 pages. Functions of vari- 
ous G.E. synchronous-motor controls 
are described. 


V-Bett—Manheim Manufacturing & 
Belting Co., Manheim, Pa. Catalog, 8 
pages. Complete engineering data and 
a sample calculation for determining 
the’size of a Veelos V-belt drive are 


presented, together with illustrations’ 











of several applications. Instructions 
on how to take the belt apart with a 
screw driver and assemble it with no 
tools at all are also included. 


STEEL ANALysis—American Steel & 
Wire Co., Rockefeller Bldg., Cleve- 
land, Ohio. Chart. All modifications 
and changes in the analyses of AISI, 
SAE and the new NE steels up to 
February 1 are covered in this re- 
vised chart, which folds to a compact 
size. New feature is a breakdown 
showing whether various types of 
products are available in specific 
analyses, together with a listing of 
the amounts of different elements used 
in making various grades of steel. 


Busuincs—Atlas Brass Foundry, Inc., 
1901 Santa Fe Ave., Los Angeles, 
Calif. Catalog 35, 84 pages. Sizes, 
grades and prices of all bronze and 
oil-impregnated bearings and _bush- 
ings made by this company are listed. 


Motor Stanparps—Dumore Co., Ra- 
cine, Wis. Booklet, 28 pages. Stand- 
ards approved by various societies 
and governmental agencies for frac- 
tional-horsepower motors are digested. 
Definitions of all terms and motor 
parts, speeds and duty classifications, 
motor types and standards are in- 


cluded. 


DraFtinc StanpArps—Eberhard Fa- 
ber Pencil Co., Dept. E, 37 Greenpoint 
Ave., Brooklyn, N. Y. Wall chart. 
Basic standards in mechanical draft- 
ing are presented to facilitate train- 


ing. 


Grars—De Laval Steam Turbine Co., 
Trenton, N. J. Leaflet E-1219, 4 pages. 
Description, dimensions and _horse- 
power ratings of worm gears for 3 
and 3%%-in. center distance are given. 


CorrectTinc Brass For Zinc Loss— 
Foundry Services, Inc., 280 Madi- 
son Ave. New York, N. _ Y. 
Nomograph, 1 page. Copper content 
of finished brass alloys is found by 
working backward on the chart. In 
this manner the zinc loss can be deter- 
mined. 


Contacts — Fansteel Metallurgical 
Corp., North Chicago, II]. Booklet, 32 
pages. Practical information on de- 
sign for better performance of electri- 
cal contacts is included in this aid to 
designers of electrical equipment and 
appliances. 
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Typical Properties of Structural 
Magnesium Alloys 





Property Typical Values** 





PHYSICAL PROPERTIES 


Reeciic gravity at 6B deg. F...... 2... 2... ccc cece cece ees 1.76-1.87 gm. per cc. 
EE err 0. 064-0. 067 lb. 

Melting temperature (Liquidus)........................... 1075-1200 deg. F. 
Temperature of incipient fusion (Solidus)................... 760-1200 deg. F. 
re ear As coiats Sis ae Sys idlts See Plesananertee ie WS 2025 deg. F. 
TER AO Oe ee eee eo er ne rer ere Close packed hexagonal 
a ee 73 percent 


MECHANICAL PROPERTIES 
Ultimate tensile strength: 


erie Ae aes ska es bb ERNE Ewa eae 14,000-39 ,000 lb. per sq. in. 
Ee chat as Sika Raia ia rdnaw amie wis Risin asalagand 32 ,000—51 ,000 lb. per sq. in. 
Yield strength in tension: 
ee oie ou cok okinawa aculiatiod. cu demas ace tars 4 ,500—22 ,000 Ib. per sq. in. 
 eiddiew sina savdinneewed ma ka kd eich each eRe 14,000-38 ,000 lb. per sq. in. 
Elongation: 
Ts (552s Winienicasa Ree tnwlewia wars Sea wade hs eeaw as 0.5-10 percent in 2 in. 
RNS am ee ee ee me wee re rT et 5-19 percent in 2 in. 
Yield strength in compression: 
os ae Ia eee eer 4 ,500-—22 ,000 Ib. per sq. in. 
Se En eee eer er ee ee eee ere ee 11 ,000—27 ,000 lb. per sq. in. 
ETL POTEET FE A ne Ee 11 ,000—22 , 700 Ib. per sq. in. 
Fatigue strength: 
SESS Sacer  ae omee a eee aE a eae ee ener 6 ,000—-14 ,500 Ib. per sq. in. 
re oe lsc He te dex ib tanga a lensiyo, eae eos a ini ao eee 8 ,000—18 ,000 Ib. per sq. in. 
SEER PCE TTL TT LOTTE Te Tree 6,500 ,000 Ib. per sq. in. 
i. ik i thkithneedat ae eekashas ieee about 0.34 
I 0 Slash ca el ie clio. wie bea 33-85 500 kg. load, 10 mm. ball 


THERMAL PROPERTIES 


Coef. of expansion, 68-212 deg. F.*.............. 00. cece eee 14.5 deg. F. x 10* 

Coef. of expansion, 68-570 deg. F.*...............00--2e0ee 15.6 deg. F. x 10-* 

Thermal conductivity at 212 deg. F............... 2020 eeeee 0.16-0.33 c.g.s. units 
eas ol lien eek dn ons kai penn hes eeeawe 0.38-0.75 c.g.s. units 
I ON, BY, on sok cts cd ccdbnurecdeensee 0.249 cal. per gm. per deg. C. 
SEE POTEET TTT ETE TTT ER RT TT re 89 cal. per gm. 
RIN, 5 oss cddRsekses xen kine banakaesnc aoe 1340 cal. per gm. 
SEITE ESAT TOC ST Ne 5 6000 cal, per gm. 


ELECTRICAL PROPERTIES 


ES ITER OPO POTTS TO 9.7-34.5 percent of annealed international 
copper standard 
CS CREDIT POET EE PETE Pee 5.0-17.1 microhms per cc. 





* For pure magnesium. Values for structural magnesium alloys differ relatively little. 
** Variations must be expected in practice. 
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Specifications and Compositions 
Of Magnesium Alloys 





Nominal Compositions in Per- 
cent ( Bal. Magnesium and 
Normal Impurities) 


Alumi- 


SPECIFICATIONS + 








Alloy 


Number A.S.T.M. 


Army Air Forces 


Navy Dept. 


num Zinc 


Manga- 


nese Others 





SAND CASTINGS 


AM246 ° 
AM260 ° 
AM265 ° 


AM403 


AN-QOQ-M-56C « 
AN-OO-M-56A © 


AN-QQ-M-56B < 


PERMANENT MOLD CASTINGS 


AM240 ® 11348 
AM260 ° 11349 


DIE-CASTINGS 
AM230 
AM263 


113197 
113197 


EXTRUDED BAR, ROD, SHAPES 
AM3S 11336 
AM52S 
AM-C52S 
AM57S 
AM-C57S 
AM58S 
AM-C58S 
AM59S 
AM-C74S 
AM-C74S-T5 


SHEET AND PLATE * 
AM3S 11339 
AM-C52S 11340 
AM-C57S 11338 


TUBING 
AM3S 
AM-C52S 
AM57S 
AM-C578 
AM-C588-T5 
AM-C74S 


PRESS FORGINGS 
AM-C57S 
AM-C58S 
AM-C588-T5 
AM-C74S 
AM-C74S-T5 


11345 
11321A 
11321A 


HAMMER FORGINGS 


AN-QQ-M-5S6C « 
AN-OO-M-56A © 


AN-QQ-M-56B © 


46-M-11 
16—M-11 


M-314-11 2 


M-314-8 2 


47-M-2 (11) 
47-M-2 (18) 
47-M-2 (8) 


44-T-35 (11) 


44-T-35 (8) 
44-T-35 (15) 


46-M-13 (8) 
46-M-13 (9) 


46-M-13 (15) 
46-M-13 (15A) 


B80-41T (3) 
B80-41T (17) 
B80-41T (4) 


B80-41T (11) 


B94—40T (12) 
B94—40T (13) 


B107-41T (11) 
B107-41T (18) 
B107-41T (18X) 
B107-41T (8) 
B107-41T (8X) 
B107-41T (9) 
B107-41T (9X) 


Vigne 


_ ° 


B107-41T (15X) 
B107-41T (15XA) 


B90-41T (11) 
B90-41T 
B90-41T (8X) 


4379 # 
4380/4381 


B91-41T (8X) 
B91-41T (9X) 


B91-41T (15X) 
B91-41T (15XA) 


eed 


lomo NNN ltwn 


tobe bo tobe ou 


to bo bo bo bo 


53 35 ... os a 

(e) 4420 applies to AM265-C; 4422 to AM265-T4; 4424 
to AM265-T6. 

(f) Army Air Corps Specification. 

(g) Navy Aeronautical Specification. 

(h) Designations of rolling temper are omitted. 

(i) Applies to AM3S-0 only. 


AM65S 11346 46—M-13 (16) B91-41T (16) 





Notes: (a) Suffixes indicating the revision currently in force are 
omitted. 
(b) Heat-treating tempers are omitted. 
(c) Army-Navy Aeronautical Specification. 
(d) Applies to AM260-T6 only. 
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